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INTRODUCTION. 



Land Subveying is a branch of the mathematics, applied to prac- 
tical purposes, and had its origin, it is said, in Egypt, more than 
1000 years before the Christian era; where the annual inundations 
of the Nile, and the consequent large deposits of mud, destroyed 
the land marks of the different proprietors. It, therefore, became 
necessary to determine these land marks by measurement, or to lay 
out the proper quantities of land claimed by the several proprietors, 
ir respective of their land marks, thus destroyed. Hence the origin 
of the science of geometry, so called from its being compounded of 
two Greek words, signifying "to measure the earth." This science, 
it is well known, is the foundation of the splendid system of mathe- 
matics, which has imparted to mankind a knowledge of the extent 
of the farthest visible universe, and of the laws by which Almighty 
Power directs the celestial motions. But, notwithstanding the early 
origin of this science, in as far as it is applied to land surveying, ft 
has received comparatively very little improvement almost up to the 
present time. The writers of extensive works on this subject being 
chiefly practical men, unacquainted with modern analysis, and some 
of them eVen ignorant of geometry, have successively produced works, 
which are little more than mere copies of those previously published, 
their examples being in all cases, simple and profuse without va- 
riety or elegance, the invariable result of such labours being a large 
volume immeasurably behind the requirements of the subject as well 
as the science of modern times. 

In the following work, I trust.it willbe that found the author has 
avoided such profusion and want of variety in the subjects proposed, 
making, at the same time, the most important parts sufficiently clear 
to those students who have not had an opportunity of studying 
geometry and the higher branches of mathematics, — the demons- 
trations of all rules and formula? not previously published, being 
given in notes, apart from the practical matter; while the demons- 
trations of all rules previously given in various works of geometry 
and analytical trigonometry, are omitted, to avoid increasing the 
size of the work, which is divided into Two Parts, viz., Land aud 
Engineering Surveying, and each part into six chapters; on each of 
which it will be proper to make a few observations. 

Chapters I. and II., On Practical Geometry and Surveying by 
the Chain and Cross, are of too simple a character to admit of im- 
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X INTRODUCTION. 

provcmcnt, the author's object in these being condensation and clear- 
ness, with a sufficiency of examples to introduce the subject. 

Chapter III. On Surveying with the Chain only, contains seve- 
ral new Problems, among which may be named Problem IV., which 
furnishes an original and concise method of finding the width of a 
large river. Problem VII. gives three methods of surveying fields 
of from five to seven sides, with only five chain lines, with examples 
of the numerous lines adopted in old methods ; and Problem IX. 
gives a method of surveying a small estate of six fields by either 
five or four chain lines, with the method of proving the positions of 
straight fences ; which positions all previous authors have deter- 
mined by the crossing of two chain lines, or by prolonging each 
straight fence to two chain lines; which methods constitute no 
check on wrong entries in the Meld Book. This Chapter concludes 
with several specimens of laying out main lines of extensive sur- 
veys, which occurred in the author's practice, lie having surveyed 
several parishes for Pirst Class Maps, under the Tithe Commuta- 
tion Act; one of which [Tillington, Sussex] was tested on the 
ground, by order of the Tithe Commissioners, and found to be 
unexceptionabty correct, a rare occurrence among the maps of other 
surveyors, which were tested about the same time, and rejected on 
account of their numerous distortions and consequent errors. See 
page 59. 

In Chapter IV. are given engravings and descriptions of the 
most efficient drawing and surveying instruments, which are chiefly 
taken from Heather's Treatise on Mathematical Instruments, in the 
Rudimentary Series, the best work on this subject. In this Chapter 
Bodham's method of keeping the Field Book, invented about fifty 
years ago, is given with slight alteration, on a folding plate, and 
the plan of an estate, to which the field book refers. 

Chapter V. contains several surveys, chiefly by the Theodolite, 
including surveys for railways and other engineering purposes. In 
this Chapter directions for town-surveys are rather prominently 
introduced, the author having been engaged in the survey of Dover, 
for Rowland Rees, Esq., Architect and Surveyor for that borough, 
the map of which was also tested on the ground, by order of the 
Ordnance authorities; which, like that of Tillington, already noticed, 
was found to be correct; which was not the case with many other 
similar surveys of towns in the kingdom. Although the results, 
in the cases of Tilliugton and Dover, were highly gratifying, they 
were only such as good surveyors might reasonably expect; and it 
may here be proper to add that the unavoidable delays, caused by 
the testing operation, and the annoyances, arising from distrust in 
the accuracy of the work, were subjects of great anxiety to both 
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Mr. Bees and the author ; especially, by thus testing their work*, 
they were classed with ignorant pretenders to this practical appli- 
cation of Mathematical Science. See pages 97, Case III. 

Chapter VI., on dividing and inclosing land, commons, 
has been almost entirely remodelled by the author, several formulas, 
never before published, being given for the expeditious laying out 
and dividing land of uniform or variable value, the demonstrations 
of which are given ill the notes, or among the formulas in Part II., 
Chapter VI. This Chapter concludes Part I. ; which, it will be 
seen treats exclusively on land surveying. 

Part II. of this work, may with propriety be called modern, 
if we except Chapter I. on levelling, which has been practised 
above a century, firstly for canals, and secondly for drainage, roads 
and railways ; however, no good treatise on this subject appeared 
till that by Mr. Simms, whose plates and examples, being in the 
publisher's possession, were adopted by the author in this work, 
as well as some parts of Mr. Simms' accompanying explanations of 
the subject. In this Chapter the author has also availed himself 
of Heather's Treatise on Mathematical Instruments for the plates of 
the levels, &c, and some parts of their descriptions. . 

Chapter II. treats of the various methods required for laying 
out railway curves in the ground ; these methods were invented by 
the author about thirty years ago, were first published in the 
Gentleman's Diary, secondly in the Ninth Edition of Nesbits' Sur- 
veying, thirdly in the author's Railway Engineering, and the fourth 
and fifth times in the First and Second Editions of this ■work. The 
author trusts that it will be found, that he has treated this subject 
in an improved and practical manner: the investigations of the 
additional formula? here required are given in the notes, the others 
will be fouud in the author's work above referred to, the geometri- 
cal constructions of compound and serpentine curves being here 
omitted, as being seldom used by practical men. See Remarks on 
the Invention of the Method of laying out Railway Curves, page 179. 

In Chapter III, the methods of setting out the widths of rail- 
way cuttings, on all varieties of sloping and undulating ground, 
are carried out chiefly by original formulre, which are also given 
with their investigation, in the author's Railway Engineering. Mr. 
Simms also wrote on this subject, in his work on Levelling, but 
without giving any formulae; these methods may therefore be con- 
sidered as entirely new modelled. 

Chapter IV. is on tunnelling, on the setting out of which very 
little has been written by any author. The author has, he trusts, 
given clear and practical methods for this purpose, whether the 
tunnel be straight or curved, with copious nctes, chiefly extracted 
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from the Practical Railway Engineer, published by Mr. Weale in 
4to., on the methods of excavating tunnels, &c. 

Ciiapter V. is on the author's concise and original method ol 
finding the contents of the earthwork of railways, almost entirely 
without calculation. This method was invented by the author 
about sixteen years ago, although another author, the errors of 
whose methods approximate to 50 per cent, as their maximum, has 
the assurance to claim the same methods, (see remarks on this sub- 
ject, page 203,) the errors of that author's method being further 
pointed out in this work, its fallacy having been before fully es- 
tablished by rigid mathematical demonstration in the author's 
Railway Engineering, 

Chapter TT. contains a collection of problems and formulae of 
utility in land and engineering surveying, the investigation of 
which are either given or referred to in other works, with a col- 
lection of unsolved problems original and seleet, for the exercise of 
students. At the end of this Chapter is given Tambour's Formula: 
for the super-elevation of the exterior rail in railway curves. 

The work concludes with an Appendix, in which are given the 
dimensions of the famous tubular bridges, and several of the prin- 
cipal railway viaducts of various constructions, which the late 
general extension of railways has called into existence in this 
kingdom. 

From the preceding analysis of the contents of this wort, ns 
well as from an inspection of its several details, and a comparison 
of these with the works of other authors, it will at once be seen 
that of the twelve Chapters of which this work is composed, four may 
be safely claimed by the author as having been originally drawn 
up by him , viz., Chapters II., III., IV. and V. of Part II., while 
in all the other Chapters, excepting the first and second in Part 1., 
considerable additions and improvements have also been made; 
and these in the compass of a smaller volume than those that treat 
only of land surveying. It is, therefore, the author's hope that 
the intelligent, reader will find that he has placed this subject in 
the position it ought to occupy among the other scientific works of 
the age; and since this work, after the sale of 7000 copies in little 
more than three years, has reached a new edition, this hope seems 
to be amply realized. 
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PART I. 

LAND SURVEYING. 
CHAPTER L 

Previous to commencing the various subjects of Land and 
Engineering Surveying, it will be necessary to give a clear 
view of Practical Geometry, which is especially requisite for 
those who are unacquainted with this branch, as well as those 
Darts of the Mathematics which are equivalent to it. 



PRACTICAL GEOMETRY. 

DEFINITIONS. 

1. A point haif no dimensions, neither length, breadth, nor 
thickness. A 

2. A line has length only, as A. 



3. A surface or plane has length and | i 
breadth, as B. [ I 

4. A right or straight line lies wholly in the same direction, 
as A B. 

5. Parallel lines are always at the same B 

distance, and never meet when prolonged, q D 

as A B and C D. 

6. An angle is formed by the meeting of A 
two lines, as A C, C B> It is called the 



angle ACB, the letter at the angular point c^r 

C being read in the middle. 

7. A right angle is formed by one right A 
line standing erect or perpendicular to an- _ 

other ; thus, ABC is a right angle, as is * . 

also ABE. \[_ 

8. An acute angle is less than a right e q 
angle, as D B C. 



9. An obtuse angle is greater than a right angle, as DBE. 



PRACTICAL GEOMETRY. 

10. A plane triangle is a space included by three right lines, 
ml has three angles. 

sq 11. A right angled triangle has one right 
I angle, as A B C. The side A C, opposite the 
right angle, is called the hypothenuse; the 

jf- u sides A B and B C arc respectively called the 

base and perpendicular. 



12. An obtuse angled triangle has one obtuse 
angle, as the angle at B. 

13. An acute angled triangle has alt its 
three angles acute, as IX 

14. An equilateral triangle baa three equal 
sides, and three equal angles, as E. 

15. An isosceles triangle has two equal sides, 
and the third side greater or less than each of 
the equal sides as F. 

16. A quadrilateral figure is a space bounSed by four right 
lines, and has four angles ; when its Opposite 
sides are equal, it is called a parallelogram. 

17. A square has all its sides equal, and all 
its angles right angles, as G. 



A 



18. A rectangle is a right angled parallelogram, whose length, 
exceeds its breadth, as B, (see figure to definition 2). 

19. A rhombus is a parallelogram having 
all its sides and each pair of its opposite angles 
equal, (is I. 

20. A rhomboid is a parallelogram having 
its opposite sides and angles equal, as K. 

21. A trapezium is bounded by four 
straight lines, no two of which are parallel 
to each other, as L. A line connecting 
any two of its angles are called the diagonal, 
as AB. 
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22. A trapezoid is a quadrilateral, . having i 

two of its opposite sides parallel, and the re- M J 
maining two not, as M, L — ' 

23. Polygons have more than four sides, and receive par- 
ticular names, according to the number of their sides. Thus, 
a pentagon has five sides; a hexagon, six;- a heptagon, seven; 
an octagon, eight ; &c. They are called regular polygons, 
when all thtir sides and angles are equal, otherwise irregular 
polygons. 

24. A circle is a plain figure, bounded by a 
curve line, called the circumference, which is 
everywhere equidistant from a point C within, 
called the centre. 

25. An arc of a circle is a part of the- circumference, as 
AB. 

26. The diameter of a circle is a 
straight line AB, passing through the 
centre C, and dividing the circle into two 
equal parts, each of which is called a 
semicircle. Half the diameter A C or 
CB is called the radius. If a radius CD 
be drawn at right angles to A B, it will 
divide the semicircle into two equal parts, each of which is 
called a quadrant, or one fourth of a circle. A chord is a right 
line joining the extremities of an arc, as F E. It divides the 
circle into two unequal parts called segments. If the radii CF, 
C E be drawn, the space, bounded by these radii and the arc 
F E, will be the sector of a circle. 

27. The circumference of every circle is supposed to be 
divided into 360 equal parts, called degrees, and each degree 
into 60 minutes, each minute into 60 seconds, &c. Hence a' 
semicircle contains ISO degrees, and a quadrant 90 degrees. 

28. The measure of an angle is an arc of 

any circle, contained between the two lines a 

which form the angle, the angular point 
being the centre ; and it is estimated by the 
number of degrees contained in that arc : — • 
thus the arc A B, the centre of which is C, *-' Ji 

is the measure of the angle A C B. If the 
angle AGB contain 42 degrees, 29 minutes, and 48 seconds, 
it is thus written 42° 29' 48". 
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PROBLEMS IN PRACTICAL GEOMETRY. 

(In solving the five following problems only a pair of common compasses and 
a straight edge are required ; tlie problems beyond the fifth require a scale of 
equal parts ; anil the two last a lino of chords :' all of which will be found in a 
common case of instruments.) 

Problem I. 

..c... To divide a given straight line A B into two 

A\ equalparts. 
\ From the centres A and B, with any radius, 

a — m — B or opening of the compasses, greater than half 
A B, describe two arcs, cutting each other in C 
and D; draw C D, and it will cut AB in the 
■° middle point E. 

Problem II. 

At a given distance E, io draw a straight line C D, parallel 
to a given straight line A B. 

E From any two points m and r, in 

n t the line A B, with a distance equal to 

— 7"~~ D E, describe the area n and s:—-draw 
C D to touch these arcs, without cnt- 

A — m r — B l ' n g them, and it will be the parallel 

■ required. 

is the following one, is usually performed by an 

Problem III. 

Through a given point r, to draw a straight line CD parallel 
to a given straight line A B. 

From any point n in the line A B, with 

_£ r D the distance nr, describe the arc rm: — from 

/-■.._ centre r, with the same radius, describe the 

; '*'"-- £ arc n s talte the are m r in the compasses, 
Am " and apply it from n to s : — through r and a 
draw C D f which is the parallel required. 
Problem IV. 

From a given point P in a straight line A3 to erect a per- 
pendicular. 

1 When the point is in or near the middle of the line. 

On each side of the point P take any two 
equal distances, Pm, P»; from the points 
m and n, as centres, with any radius greater 
than P m, describe two arcs cutting each 
other in C; through C, draw C P, and it will 
be the perpendicular required. 



PRACTICAL GEOMETRY. 

2. When the point P it at the end of the line. 

With the centre P, and any radius, de- 
scribe the arc nrs ; — from the point n, ■ 
with the same radius, turn the compasses 
twice on the arc, as at r and s : — again, 
with centres r and s, describe arcs inter- 
secting in C : — draw C P, and it will be 
the perpendicular required. A -~~s 

Note. This problem and tho following one nro usually doce with an instru- 
ment called the square. 

Problem V. 

from a given point C to let fall a perpendicular to a given line. 

1 When the point is nearly opposite the middle of the line. 

From C, as a centre, describe an arc to cut 
AB in m and n; — with centres m. and n, 
and the same or any other radius, describe 
arc* intersecting in o : through C and o draw 
C o, the perpendicular required. 

2, When the point is nearly opposite the end of the line. 

From C draw any line C m to meet B A, 
in any point m; — bisect C m in n, and with 
the centre n, and radius On, or mn, describe 
an arc cutting B A in P. Draw C P for the 
perpendicular required. 

. Problem VI. 

To construct a triangle with three given right lines, any two 
of which must be greater than the third. (Euc. I. 22.) 

Let the three given lines be 5, 4 and 3 
yards. From any scale of equal parts lay 
off the base A B = 5 yards ; with the 
centre A and radius A C = 4 yards, de- 
scribe an arc ; with centre B and radius j 
C B = 3 yards; describe another arc cutting the former arc in 
C; — draw AC and CB; then ABC is the triangle required. 
Problem VII. 

Given the base and perpendicular, with 
the place of the latter on the base, to con- C 
struct the triangle. 

Let the base AB = 7, the per- 
pendicular C D = 3, and the dis- 
tance AD = 2 chains. MakeAB 
= 7 and AD = 2;— at D erect the 



DigilizM By Google 



6 PRACTICAL GEOMETRY. 

perpendicular DC, which make = 3: — draw AC and CR; 

tlien A B C is the triangle required. 

Problem Till. 
To describe a square, whose side shall be of a given length. 

Let the git-en line A B be three chain9. At 
the end B of the given line erect the perpen- 
dicular BC, (by Prob. IV. 2.) which" mate 
= AB: — with A and C as centres, and radius 
AB, describe arcs cutting each other in D : 
draw AD, DC and the square will be com- 
pleted. £ 

Problem IX. 
reetangled parallelogram having a given length 



To describe 
and breadth. 



Let the length AB — 5 chains, and 
.the breadth BC = 2. At B erect the 
' perpendicular BC, and make it = 2 : — 
with the centre A and radius B C de- 
scribe an arc ; and with centre C and 
radius AB, describe another arc, cutting the former in D : — 
join A D, D C to complete the rectangle. 

Problem X. 

The base and two perpendiculars being given to construct a 
trapezoid 

Let the base A B = 6, and the 
perpendiculars A D and BC,2 and 
3 chains respectively. Draw the 
perpendiculars AD, DC, as given 
J g above, and join D C, thuB complet- 
ing the trapezoid. 

Problem XL 
To make a triangle equal to a given trapezium A B C D. 
D 0 Draw the diagonal D B, and C E pa- 

rallel to it, meeting A B prolonged in 
E:— join DE; then shall the'triangle 
A D E be equal to the trapezium 
ABCD. 

Problem XII. 
To make a triangle equal to ike figure A B C D E A. 
Draw -the diagonals DA, D B, and the lines EF, 06, 
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parallel to them, meeting the 
base A B, produced both ways, 
in F and G :— join DF, D6; 
then the triangle DFG will 
he equal to the given figure 
A B C D E A, 

Problem XIII. 

To make a square equal to a given rectangle ABCD. 

Produce one side A B till B E he F u 

equal to B C : — bisect AE in o; on -.. 

which as a centre, with radius A o, ■ /"' ''\ 
describe a semicircle, and prolong BC C \]D 
to meet it in F : — on B F describe the Q 

square BFGH, and it will be equal : 1 ; I 

to the rectangle ABCD, as required. E B HA 
Problem XIV. 

To set off an angle to contain a given number of degrees. 

Let the angle be required to \x- 
contain 41 degrees. Open the 

compasses to the extent of 60° / \ 

upon the line of chords, and, / \ 

setting one foot upon A, with / \ 

this extent, describe an arc cut- / \ 

ting AB in B; then taking the A-£- l5 

extent of 41° from the same line of chords, set it off from B to 
C ; join A C; tlien B A C is the angle required. 

Problem XV. 

To measure an angle contained by two straight lines. 
{See last figure.) 

Let A B, A C contain the angle to be measured. Open the 
compasses to the extent of 60°, as before, on the line of chords, 
and with this radius describe the arc B C, cutting A B, A G 
produced, if necessary, in B and C; then extent! the compasses 
from B to C, and this extent, applied to the line of chords, will 
reach to 41°, the required measure of the angle B A C. 

A right angle, or perpendicular, may be laid off by extending 
the arc B C, and setting off the extent of 90° thereon. Also an 
angle greater than 90° may be laid off, by still further extend- 
ing the arc, and laying the excess of the arc above 90°, from 
the end of the 90th degree. 

None. Angles are more correctly and expeditiously laid off and measured 
oy an instrument tailed the protractor, to be hereafter described. 




Digitized By Google 



PRACTICAL GEOMETRY. 

GEOMETRICAL THEOREMS. 
(Necessary to be known by Surveyors.) 
Theorem I. 

' Angles vertically opposite are equal: — ■ 

J^V thus the angle A&E = angle HGB, 

C : — ^ D an dEGB = AGH. (Euc. I. 15.) 

"\ 

Theorem II. 
(See last figure?) 
A right line E F, cutting two parallel right lines A B, CD, 
makes the alternate angle equal, fyc. .-—thus the angles AGH, 
G H D are equal; also the exterior angle E G B is equal to the 
interior and opposite G II D. (Euc. I. 29.) 

Theorem III, 

The greatest side of every triangle is opposite the greatest 
angle. (Euc. I. 18.) 

Theorem IV. 

Let the side A B of die triangle ABC 
be produced to D, the exterior angle CBD 
is equal to the interior angles at A and C ; 
, also the three interior angles of the triangle 
are equal to two right angles. (Euc. I. 32.) 
Whence any two angles of a triangle being given the third 
becomes known. 

Theorem V. 
(See figure to Definition 11.) 
Let ABC be a right angled triangle, having a right angle 
at B; then, the square on the side A C is equal to the sum of 
the square on the sides AB, B C. (Euc. I. 47.) Whence any 
two sides of a right angled 'triangle being given the third be- 
comes known. 

Theorem VI. 

In any triangle A B C, let D E be 
drawn parallel to one of its sides, CB; 
then, AB is to AE as B C istoDE; 
and the triangles are said to be similar. 
(Euc. VL 2.) 
Theorem VII. 
(See last figure.') 
Let ABC, A ED he similar triangles; then, the triangle 
A B C is to the triangle AED as the square of A B is to the 
square of AE: that is, similar triangles are to one another in 
the dupncate ratio of their homologous sides. (Euc. VL 19.) 
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Theorem VIII. 
All similar figures arc to one another us the squares of their 
homologous, or like, sides. (Euc. III. 20.) 

Theorem IX. 

All similar solids are to one another as the cubes of their like 
linear dimensions. (Euc. VI. 24.) 

CHAPTER II. 
Description op Instruments used fob Measuring and 
Planning Small Surveys. 

the CHAIN. 

The chain, usually called Gunter's chain, is almost generally 
used in the British dominions, for measuring the distances re- 
quired in a survey. It is 66 feet, or 4 poles, in length, and is 
divided into 100 links, which are joined by rings. The length 
of each link, together with half the rings connecting it with the 

adjoining links, is consequently ^ of a foot, or * 12 = 7 92 

1 00 100 
inches. At every tenth link from each end is attached a piece 
of brass with notches ; that at the tenth link has one notch, 
that at the 20th two notches, that at the 30th three, that at the 
40th four, the middle of the chain,' or the 50th link being 
marked with a large round piece of brass ; hence, any distance 
on the chain may be readily counted. Part of the first link, at 
each end, is formed into a large ring for the purpose of holding 
it with the hand. 

The chain acquires extension by much use, it should, there- 
fore, be frequently examined, and adjusted to the proper length 
by tailing out some of the rings between the links : for this 
purpose, chains having three rings between each link are to 
be preferred to those having only two. 

THE OFFSET STAFF. 

The offset staff is used to measure short distances, called 
offsets ; hence its name. It is usually ten links in length, the 
links being numbered thereon with the figs. 1, 2, 3, &c. It is 
usually pointed with iron at one end, for the purpose of fixing 
it in the ground, as an object for ranging lines, for marking 
stations, &c. 

THE CROSS. 

The cross is an instrument used by surveyors to erect per- 
pendiculars. It is usually a round piece of sycamore, box, or 

■ ft 
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mahogany, about four inches in diameter, with two folding 
sights at right angles to each other, or more commonly with 
two fine grooves sawed at right angles to each other, which 
answer the purpose of sights. It is sometimes fixed on a staff, 
of convenient length for use, pointed with iron at the bottom, 
that it may be fixed firmly in the ground : but it is found more 
commodious in practice to have a small pocket cross, which may 
be readily fitted to the offset-staff, either by an iron spike on 
the cross being inserted in a hole made in the offset-staff, or the 
offset-staff being passed through a hole made in the cross, to 
iibout the eighth link from the piked end, at which place the 
staff must be shouldered, that the cross may rest firmly. 

DIRECTIONS FOR MEASURING LINES ON THE GROUND. 

Besides the instruments already described, ten arrows must 
be provided, about 12 inches long, pointed at the end, so as to 
be readily pressed into the ground, and turned at the other end, 
so as to form a ring to serve for a handle. 

In using the chain, marks are to be set up at the extremities 
of the line to be measured, as well as at its intermediate points, 
if its extremities cannot be seen from one another, on account 
of hills, woods, hedges, or other obstructions. 'Two persons 
are then required by the surveyor to perform the measurement. 
The chain leader starts with the ten arrows in his left hand, 
and one end of the chain in his right ; while the follower re- 
mains at the starting point, who, looking at the staff or staves, 
that mark the line to be measured, directs the leader to extend 
the chain in the direction of the staff or staves. The leader 
then puts down one of his arrows, and proceeds a second chain's 
length in the same direction, while the follower comes up to the 
arrow first put down, A second arrow being now put down 
by the leader, the first is taken up by the follower; and the 
same operation is repeated till the lender has expended all his 
arrows. Ten chains, or 1000 links, having now been measured 
and noted in the field book, the follower returns the ten arrows 
to the leader, and the same operation is repeated as often as 
necessary. When the leader arrives at the end of the lino, 
the number of arrows in the follower's hand shew the number 
of chains measured since the last exchange of ar- 
rows noted in the field book, and the number of 7000 
links extending from the last arrow to the mark or 600 
staff at the extremity of the line, being also added, 83 

gives the entire measurement of the line. Thus, if 

the arrows have been exchanged seven times, and 7683 
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if the follower have six arrows, and from the arrow last put 
down to the end of the line be 83 links, the whole measurement 
will be 7683 links, or 76 chains 83 links, which is usually 
written thus — 76-83 chains, the two last figures being decimals 
of a chain. 

In using the chain, care must be taken to stretch it always 
with the same tension, as it will extend by much use, and will 
therefore require to he examined occasionally, and shortened, 
if necessary. But a good chain may be used several days, on 
tolerably smooth ground, without any material extension. 

The surveyor must mark, or caused to be marked, every 
station on the line, while it is being measured, with a staff or 
cross on the ground, entering its distance in the field book. 

When a survey is made for a finished plan, all remarkable 
objects should be noted down; as buildings, roads, rivers, ponds, 
footpaths, gates, &c. 

The boundary of the estate measured ought to be carefully 
observed. If the ditch he outside the boundary fence, it usually 
belongs to the estate, and vice versa; although this is not uni- 
versally the case ; therefore, inquiry ought to be made with re- 
spect to the real boundary. 

In some places five links from the hedge-posts or roots of the 
quiekwood are allowed for the breadth of the ditch, but this 
breadth varies to as far as even ten links, especially in swampy 
countries. 

All ditches and fences must be measured with the fields to 
which they belong, when the full quantity on the plan is re- 
quired : but when the growing crops only are to be measured, 
only so much as is occupied by the crops. 

Instruments for Laying Down or Plotting Subvets. 
the common drawing compasses. 

This instrument consists of two legs moveable about a joint, 
so that the points at the extremities of the legs may be set at 
any required distance from one another : it is used to transfer 
and measure distances, and to describe arcs and circles. 

THE HA1E COaiPASSES. 

The hair compasses ought to be used where greater accuracy 
is required in transferring distances, than can be obtained by 
the set of the joint of the common compasses. In the hair 
compasses the upper part of one of the steel points is formed 
into a bent spring, which, being fastened at one extremity to 
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the leg of the compasses almost close up to the joint, is held at 
the other end by a screw, A groove is formed in the shank, 
which receives the spring when screwed up tight ; and by 
turning the screw backwards the steel point may be gradually 
allowed to be pulled backwarks by the spring, and may again 
be gradually pulled forwards by the screw being turned for- 
wards- 
Fig. 1, represents these 
compasses when shut; fig. 
2, represents them open, 
with the screw turned 1 
backwards, and the ateel 
point p. in consequence, 
moved backwards by its 
spring s, from the posi- 
tion represented by the 
dotted lines, which it 
would have when screwed 
tight up. Fig. 3, repre- 
sents a key, of which the 
two points fit into the two 
holes seen in the nut n of 
the joint ; and by turning 
this nut the joint is made 
stifFer or easier at pleasure. 

To take a distance with 
the hair compasses. — Open 
them as nearly as you can 
to the required distance, set the fixed leg on the point from 
which the distance is to be taken, and make the extremity of 
the other leg coincide accurately with the other end of the 
required distance, by turing the screw. 

Horn There are several other kinds of compasses, used for planning; as 
those with moveable points, for the introduction of black lead pencils or ink 
points, beam compasses for taking large distances, proportional compasses, ic, 
the uses of which ato easily learned. (Soe Heather's Treatise on Mathematical 
Instruments.} 

PLOTTING SCALES. 
Plotting scales, also called feather-edged scales, are straight 
rulers, usually about 12 inches long. Each ruler has scales of 
equal parts, decimally divided, placed on its edges, which am 
made sloping, so that the extremities of the strokes marking 
the divisions He close to the paper. The primary divisions re- 
present chains, and the subdivisions ten links each, the inter- 
mediate links being determined by the eye. Plotting scales 
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may be procured in Bets, each with a different number of 
chains to the inch. They are usually made of ivory or box, 
and each provided with a small scale called an offset scale for 
laying down the offsets. In using these scales, the first divi- 
sion op zero, on the plotting scale, is placed uoincident with the 
beginning of the line to be plotted, and so as just to touch that 
line with the feather edge: the end of the offset scale is then 
placed in contact with the edge of the plotting scale; and thus 
the offsets may be expeditiously pricked off, for which purpose 
an instrument called a. pricker is used, but a hard black lead 
pencil with a fine point, is greatly to be preferred, as it does 
not injure the paper. 

THE PKOTEACTOH. 
The instrument represented in the annexed figure, is usually 
supplied with a pocket ease of instruments. It is made of 
ivory, 6 inches long and 1J broad. On the face of the instru- 
ment, round three of its edges, which are feathered, the pro- 
tractor is formed for readily setting off angles. 





Sis iiij- 







In using the protractor, the fourth edge, which is quite plain, 
with the exception of a single stroke in the middle, is to be 
made to coincide with the line, from which the angle is to be 
set-off, and the stroke in the middle to coincide with the angular 
point in the line, at which the angle is to be set off ; a mark is 
then to be made with a fine pointed black lead pencil, or with 
a pricking point, at the point on the paper which coincides 
with the stroke on the protractor marked with the number of 
degrees in the angle required to be drawn ; aud the protractor 
being now removed, a straight line is to be drawn from the 
angular point in the given line to the point thus marked off. 
The instrument has, on the same face, two diagonal scales, 
(which are now little used by surveyors,) and on the opposite 
face, scales oi equal parts, &c. 

The vernier scale and circular protractor, the uses of which 
will he hereafier described, are best adapted to laying down 
extensive surveys, where great accuracy is required. 
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Flankinu Surveys. 
In planning or plotting surveys, the upper part of the paper 
or book, on which, the plan is made, should always, if possible, 
he the north. The chain lines, buildings, fences, &e., ought 
first to be drawn with a fine black lead pencil : the first should 
then be dotted with ink, and the latter neatly drawn. Great 
care is required in the construction of the plan, when the di- 
mensions are to be measured therefrom with the scale. The 
scale should never be more than three chains to an inch, for 
when the parts of a plan are large, the dimensions may be 
taken with greater accuracy. After having found the con- 
tent of the field or fields, &c,, of which any plan consists, it 
may be laid down by any scale to give it a more convenient 
size. 

THE FIELD BOOK. 

The method now generally adopted in setting down field 
notes, and which has long been found to be the best in 
practice, is to begin at the bottom of the page and write 
upwards. i 

Each page of the book is usually divided into three columns. 
The middle column is for distances measured on the chain line, 
at which hedges are crossed, or offsets, stations, or other marks 
are made; and in the right and left columns, those offsets, 
marks, and any other necessary observations thereon, must be 
entered, according as they are situated on the right or left of 
the chain line. 

The crossing of roads, rivers, hedges, &c., are, by some sur- 
veyors, shewn in the field book, by lines drawn across the mid- 
dle column at the distances where they are crossed, and by 
others these crossings are shewn by lines drawn on part of the 
right and left hand columns, opposite the distances where they 
are crosaed by the chain line ; and buildings, turns of fences, 
corners of fields, to which offsets are taken, are usually shewn 
by b'nes sketched in a similar situation to the middle column, 
as the fences, bnildings, &c., liave to the chain Hne. Thus a 
representation of the chief objects in the survey may be sketch- 
ed in the field, which will give essential assistance in laying 
down the plan. The stations are usually numbered, for the 
sake of reference, and marked thus ©. The bearing of the first 
main line is usually taken by surveyors, from which the posi- 
tion of the plan with respect to the north is determined. This 
may be done by a common pocket compass, where great accuracy 
is not required : but this will be more fully discussed in treat- 
ing of surveys by the theodolite, further on. 
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" It. of © 2, and L. of 0 5, &c, denote that the following 
lines are measured to the right of station 2, and to the left of 
station 5, respectively. 

To Survey with the Chain and Cross. 

An acre of land is equal to 10 square chains, that is 10 
chains in length and one in breadth, or 1000 links in length 
and 100 in breadth ; an acre, therefore, contains 100,000 square 
links, as per table of square measure below. Hence the con- 
tents in square links are, in the following examples, divided by 
100,000, or what is the same thing 5 figures to the right are 
cat off for decimals, the figures remaining on tbe left being 
acres. The decimals are then multiplied by 4 forroods,and 
again by 40 for poles. 

The following tables exhibit the number of chains and links 
in the different units of lineal measure, and the number of 
square chains and links in the different units of square mea- 
sure. 

A TABLE OF LINEAR MEASURES. 



25 
10.0 


Feet. 
16* 

66 


Yards. 
5* 

22 


Poles. 
1 

4 


Chains. 
1 


1,000 


660 


220 


40 


10 


8,000 


5,280 


1,760 


320 


80 



Furlongs.: 

! i ! 

. Mile. 



A TABLE OF SQUARE MEASURES. 



Sq. Links 


■Sq.Feat. 
272* 


Sq. Yards. 
30} 


Sq. Polea 

1 


Sq.Ciis. 






10,000 


4,356 


484 


16 




Rods. 




25,000 


10,830 


1,210 


40 


"i 


1 


Acres. 


100,000 


43,560 


4,840 


160 


10 


4 


1 


64,000,000 


27,878,400 


3,097,600 


102,400 


6,400 


2.5G0 


640 



Problem I. 

SQUARE AND RECTANGULAR FIELDS. 

Square and rectangular fields seldom occur in the practice of 
tbe surveyor; small plots of ground of these forms, however, 
frequently present themselves, 

Fix. the cross in a corner of the square or rectangular piece 
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of ground, and if tlie sides be at right angle?, measure one of 
them, and enter its length in the field book. This must be re- 
peated a£ every side and angle; and if all the angles are found 
to be right and all the sides equal, the piece of ground is 
square; but, if only the opposite sides are equal, it is rect- 
angular. 

TO FIND THE CONTENT. 

Rule. Multiply the length by the breadth in links, and the 
product will be the contents in square links, which reduce to 
acres, rods, and poles by the preceding table for square measure, 
as in the following examples. 

If the dimensions be given in yards, divide the product by 
4840 for acres, &c. 

EXAMPLES. 

1. What is the area of the square ABCD, whose side is 
478 links ? 

Here the length and breadth are equal, hence 
478 



5-57440 Area 2a. lr. 5%p. 

2. The length of the rectangular field ABCD, is 2450, and 
its breadth 1226 links; required the plan and area. 
2450 

1220 
14700 



Area 30a. Or. 6p. nearly. 
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3: Required the area of a square, in acres, the Bide of which 
is 132 yards. 

132x132 

— jgjQ— = s o acres — 3a, 2r, lejp. the area. 

4. What is the area of a rectangle whose length is 2470 
links, and its breadth 1114 links? 

2470 x 1114 = 27-51580 = 27a. 2r. 2^p. the area. 

5. The length of a rectangular field is 324 yards, and its 
breadth 235 what is its content in acres ? 

Ans. 15a. 2r. 37p 

6. What is the area of a rectangular pleasure ground, the 
length of which is 960 and its breadth 125 links? 

Ans. la. Or. 32p. 

Problem II. 

TRIANGULAR FIELDS. 

1 . Let ABC be a triangle, of which the survey, plan, and 
content are required. 

Set up poles or marks at the angles A, B, and C, and mea- 
sure from A towards B, and when at or near D, try with the 
cross for the place of the perpendicular CD; plant the cross, 
and turn it till the marks A _ 



\ 



and B can be seen througl 
one of the grooves; then look 
through the other groove, 
'and, if the mark at C can 
be seen through it, the cross 
is in the right place for the 
perpendicular; if not, move 
the cross backward or for- 
ward till the three marks can be seen as before directed. Sup- 
pose the distance A D to be 625 links, and the whole A B, to 
be 1257 links; return to D, and measure the perpendicular 
D C, which suppose to be 628 links, thus completing the sur- 
vey of the triangle. 

CONSTRUCTION. 

From a scale of equal parts, or -plotting scale, lay off the base 
A B, = 1257 links ; on which take A D, = 625 links ; at I> 
erect the perpendicular D C, which make = 628 links ; join 
AC, CB, then AB C is the plan of the triangle. 
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TO FIND THE CONTENT. 

Hule. Multiply the base by the perpendicular, and half the 
product will be the area. 

EXAMPLES. 

1. The dimensions being the same as found above, required 
the content. 

Ana. 1257x628 -r 2 =. 3-94698 acres = 3a. 3r. 32p, 

2. The distance from the beginning of the base to the place 
of the perpendicular is 375 links, the whole base 954, and the 
perpendicular 246; what is the area of the triangle? 

954x246 -r 2 = 1-17342 = la. Or. 27£/>. the content. 

3. Measuring the base of a triangle the place of the perpen- 
dicular was found at 863 links, and its length 645 ; the whole 
base was 1434 links; required the plan and area. 

Area. 4a. 2r. 20p. 

Problem III. 

FIELDS IN THE FORM OF TRAPEZIUMS. 

Fields in this form are usually divided into two triangles by 
& diagonal, which is a base to both the triangles. 

Let ABCD be a field in the form of a trapezium, tbe plan 
and area of which is required. 

Measure from A towards C; and let the place of the perpen- 
dicular m B be at 5-52, and its length 3-76, also let the place of 
the perpendicular »D be at 11 82, and its length 3-44, and the 
length of the whole diagonal AC be 13-91 chains, which com- 
pletes the survey : but it is usual also to measure the other 
diagonal B D for a proof line, which is found to be 9 56 chains. 

Note 1, The construction of each of the two triangles, forming the trapezium, 
is the same aa the construction given to the first example fn Prob. II. 

Note 2. The longer of the two diagonals should sIwbj-b be selected for tho 
base of the two triangles, forming the trapezium, for sometimes the perpendicular 
will not fall on the shorter diagonal, without its being prolonged; and when 
this is the case with both diagonals, one of the sides any be taken for a base, or 
two of the sides, if necessary. 

TO FIND THE CONTENT. 

Rule. Multiply the sum of the two perpendiculars by the 
diagonal, and half the product will be the content. 

EXAMPLES. 

1. Let the measurement of a trapezium be as above found, 
required the content 
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1391 

27820 
9737 

2)10'01520 

• 5-00760 




121600 Ans. 5a. Or. \p. 

2. From the following notes, plan and find the content of a 
field. 



Perpendiculars 
on left. 


Base or 
Station Line. 


Perpendiculars 
on right. 




to © C 






3250 
2504 


1046 D 


B 1278 


1272 




Begin 


at © A 


and range West. 



Content. 37a. Sr. : 
3. Give the plan and area of a field from the following notes. 




545 C 

and range E. 

Area. 5a. Or. 35p. 

ANOTHER METHOD. 

A four-sided field may frequently be surveyed by dividing it 
into two triangles and a trapezoid, by perpendiculars on its 
longest side. 

TO FIND THE CONTENT. 
Rule. Multiply the sum of the two perpendiculars by their 
distance on the base line for the double area. The double areas 
of the two triangles must be found as in Phob. It, and both be 
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added to the double area of the trapezoid; the sum being 
divided by 2, will give the content required. 

EXAMPLES. 

1. Required the survey and area of the following field. 

Measure the base A B, and put down in the field book the 
distances of P and Q, where the perpendiculars rise, &c, as 
below. 

Trapezoid PCDQ. 

Kip- 





to© D. 




Ali=1097 


QD=595 


AQ= 745 


PC = 352 


AP= 110 




From © A go E. 




Area. 4a. lr. 5|p, S'7920 
2. Required the plans and areas of two fields from the fol- 
lowing notes. 




Problem IV. 



TO SURVEY FIELDS CONTAINED BY MORE THAN FOUR SIDES. 

Fields or plots of ground bounded by more than lour sides, 
may he surveyed by dividing them into trapeziums and tri- 
angles. — Thus, a field of five sides may be divided into a trape- 
zium and a triangle; of six sides, into two trapeziums; of seven 
sides into two trapeziums and a triangle; &c. 

TO FIND THE CONTENT. 

Rule. By the two last Problems, find the double areas of 
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each trapezium and triangle in the field ; add all the double 
areas together, and half their sum will be the content. 

EXAMPLES. 

I. Lay down a field and find its area from the following 
dimension?. 





to © D 






- 520 




T 


288 


80 E 


G 120 


206 


o 




Go to 0 F. 






to © G 






440 




D230 


152 


9 




L. of © C. 






to © C 






550 




B 180 


410 


n 


m 


135 


130 G 


Begin 


at © A 


range E. 




COSSTIIUCTION. 

The above field is divided into trapeziums ABCG, GDEF 
and the triangle G C D. — Draw the diagonal A C, which make 
==1>50 links; at 135 and 410 set off the perpendiculars mG = 
130, and «B = 180 links respectively; join AB, BC, CG, and 
GA, and the first trapezium will he completed. Then on C G, 
ley off C q = 152, and draw the perpendicular q\> =. 230 ; 
join CD, DG, and the triangle is completed. Lastly, with cen- 
tre G and radius o G = 120 describe an arc ; and with centre 
D and radius oD = 314 (= 520 — 206) describe another arc, 
intersecting the former in o : through o draw the diagonal D V 
= 520 links, upon which, at 288 links, draw the perpendicular 
rE; join DE, EF, FG, and the figure will be completed. 

130 440 120 Double areas. 

ISO 230 SO 170500 trap. ABCG. 
. . 101200 tri. CDG. 

810 13200 200 104000 trap. DEFG. 



1-87850= 1«. Sr. Snip. 
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2, Required the plans and areas of two fields from the fol- 
lowing dimensions. 



C207 
Begin 



233 
to © B 



to © D 

673 

472 

427 
at © A 



Diag. 



268 B. 
angeW. 



Area la. Sr. I5p. 



to 0 F 
970 
520 
413 
E. of © D 



to © D 

744 



303 
at © A 



Diag. 
181 1!. 



, 333 B. 
range W. 



Area ia. Or. 9ip. 



ANOTUKB METHOD. 

A small piece of land, having several sides, may sometimes 
be most conveniently measured by taking one diagonal, and 
upon it erecting perpendiculars to all the angles on each side of 
it. The piece will thus be divided into right angled triangles 
and trapezoids, the areas of which must be calculated as in the 
two last problems. 

EXAMPLES. 

1. Required the plan and area of a field from the following 





to 0 G 






1020 




F470 


SSO 


/ 


e 


610 


50 E. 


D 320 


585 


d 


C 70 


440 


c 


b 


815 


350 B 


Begin 


at © A 


goE. 




Note. Tim method of planning the above field h sufficiently clear, from (lie 
weeding field-notes and from what haa been already dune. 
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Trian£leACc.|Trapo.Cefi0.jTrape.Drf/F.| Tri. F/G. I Tri. A b V. 
Ac = 440 |Drf= 320,Drf = 320 /G = 130 Ai=3i5 
C c = 70,C c = 70 Ff = 470 F/ = 470 B J = 350 

308O0aum = 390;sum= 790 
c d = 145;e f = 395 



13050 3950 
435 1 2370 



56550, 240950 



Trapezoid B 6 eE. 
Bi = 350 
Ee = 50 

sum - 40ff 

be =295 

118000 



Triaugle EcG. 
Ge = 410 



G1100 110250 



Double areas. 

30800 

56550 
240950 

61100 
110250 
118000 

20500 



2)638150 
3-19075 



= 8a. Or. 30£». Area. 
2. Lay down two pieces of ground, and find their areas, 
from the following dimensions. 



First piec 




Second piece. 




to © K 






to © L 






3401 


o 


M920 


4300 




1579 


2930 




* 


3340 


590 K 


h 


2736 


730 H 


1790 


3060 




9 


2110 


762 4 


h 


2690 


320 H 


F288 


1972 


/ 


G1340 


2550 


9 


e 


1588 


436 E 


F800 


1760 


f 


d 


1030 


740 D 


e 


1560 


540 E 


0 500 


888 


c 


a 


930 


300 D 


i 


300 


550 B 


C910 


610 




0 


000 




o 


000 


600 B 


Begin 


at © A 


goE. 


Begin 


at © A 


goW. 



Area. 30a. 3r. ty. 



Area. 53a, 2r. 3lp. 
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Problem V. 

FIELDS INCLUDED ISY ANY NUMBER OP CROOKED OR CURVED 
SIDES. 

When a field or estate is bounded by crooked fences, a Hoe 
must be measured as near to each of them, as the angles or 
bends will admit; in doing which an offset roust be taken to 
each corner or bend in the fence. When the fences are curved, 
these onsets must be taken so as neither to exclude nor include 
any of the land belonging to the ground to be measured. The 
offsets or perpendiculars thus erected, will divide the whole 
offset space into right angled triangles and trapezoids, the areas 
of which may be found as already shewn. 

Notk 1. Whan Hie offsets are short, that is, not greatly exceeding a chain 
in length, their places on the line may be found by laying the offset staff at 
right angles to the chain, as nearly as can he judged by the eye; but when the 
offsets are largo, and correctness is required, their places must bo found by the 
cross, and measured by the chain. 

Note 2. The quickest method of laying down offsets, is. by laying the 
feather edgo of the plotting scale against the base or chain line", and sliding 
the offset scale along the feather edge to the several distances of the offsets and 
pricking off their lengths, corresponding to their several distances. 

Note 3. Unskilful surveyors usually add all the cffsels taken on one line 
together and divide the sum by their number for a mean breadth; but this 
method is very erroneous, especially where the offsets vary grjatly in length, 
and should therefore be avoided where great accuracy is required. 

EXAMPLES. 

1. Required the plan and content of a right-lined piece of 
ground by offsets, from the following notes. 






to © B 




o 


955 




nSl 


785 


4 


mS7 


634 


S 


ies 


510 


/ 


4 70 


340 


e 


(84 


220 


d 


462 


45 






00 




Begin 


at 0 A 


range E. 
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25 


= 45 
= 62 


c k = 62 
di = 84 


e k = 70 


p k 

fi 


= 70 

= S8 


ft 

g m 


= 88 
= 57 


90 
270 


146 

cd =175 


154 
rfe = 120 


>f 


158 
= 170 


fs 


145 
= 124 


2790 


730 
1022 
146 " 

25550 


18400 




11060 




5S0 
145 
17980 








26860 









Double a 


= 57 


*' B = 170 


2790 


= 91 


h'n = 91 


25550 






18480 


148 


170 


26860 


= 151 


1530 


17980 


148" 


15470 


22348 
15470 


740 






149 




2)1-29478 


22348 




0-64739 



Calculation by the erroneous method (See Note 3). 



00 
62 



57 
91 



955 = A B. 
56£ = mean breadth. 

5730 , 

4775 * 
477 



00 0-53957 = Oa. 2r, 6p. Content by ibis method, wkieh 

is 17 perches too little. For this method is al- 

8)452 ways erroneous except when the offsets stand 

at equal distances from one another, and 

56J - when the first and last offsets are both 0. 
Some omit all the offset that are 0, dividing the sum of tho 
offsets by the number of real offsets; by this method we shall havo 
6)452 855 
75* 

?si 1 

4775 



0-71947 = Oa. 2r. Sip., which is 11 poles too much 
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2. To lay down a crooked piece of land, adjoining a river 
from the following notes. 




The coDtent is found by the same method as in the preced- 
ing example. 

3. Plan aQd find the area of a field from the subjoined notes. 
0 






tdO A 




0 


480 




37 


350 




28 


160 




0 


000 
L.ofSC 






to0C 






585 


0 




450 


57 




320 


40 




200 


72 




100 


'17 




000 


0 




L.ofoB 





Having found the area of the triangle AB C, the areas of the 
offsets on the line B C must be added thcroto, and the sum of 
the areas of the insets oh the lino CA must be substractcd from 
the sum, and the remainder will be the content of the field. 

Note. The area of Hie triangle A B C may be fuund, when the measurement 
of all three sides are given, (which is the case in the present example,) either 
by calculation, as shall hereafter be shewn, or by measuring the perpendicular 
from the plan, which, as already shewn, may be laid down i'tvva the three sides 
of the main triangle. 

4. The notes, plan, and content of the following field, the 
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lines for the measurement of which are sketched out as below, 
are required. 



Here the double area of the trapezi urn ABCD is found, as 
in Problem III, to which the double areas of the several offsets 
on the linc3 All, B C, CD, DA must bo added, and the sum 
will be the double area of the whok). 

Note. A proof line, as A C should be measured, (hat Hie accuracy of tho 
■work may ba insured : — lrat often pieces of ground aro measured with the chain 
and cross that are never laid down, in thia c.isc great care should bo taken in 
entering the field-notes, and in making the calculation. 

5. Required the plan and area of a field from the following notes. 



To fence. 



80 


2034 


84 


1900 


108 


1200 


r,G 


800 


2-1 


520 


60 


300 


130" 


000 


From 


© c 




To fence. 


50 


1230 


70 


uoo 


60 


800 


SO 


480 


44 


300 


30 


000 


From 


0 B . 




To fence. 


G6 


' 2 ISO 


90 


2000 


112 


1600 


80 


1000 


96 


COO 


00 


000 




■t© A 





to © C 






2310 


diag. 


B990 


1810 






720 


1040 D. 




0 A 


GO N. W. 








06 


1320 ' 




106 


1260 


to © A. 


80 


1000 


50 
100 


760 




124 


OOO 




From 


0 D ■ 


eo s. 
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Note. TIib field in this cut has also four sides, lilte the one proposed to be 
measured in the last example. Fields of this kind are often required to be 
measured in the rural districts, to ascertain the quaniity of a growing crop, as 
grain, hay, turnips, Ac,, when sold by the acre; also to find the quantity of 
reaping, mowing, planting, &e. ; in these cases tho plan is seldom or newer re- 
quired, and the measurement ia only taken as far as the growing crop extends, 
leaving out the hedges, ditches, and all other waste or other ground, not occu- 
pied by the crop in question. 

6. Give the plan and area of a field from the following 
notes. * 



to 0 A 
1134 
916 
728 
470 
245 
000 
R. of 0 D 

to © D 
2236 

mo 

620 
400 
200 
000 
R. of 0 C 

to 0 C 
1168 
656 
R. of 0 B 

to © B 
2346 
2000 
1800 
1500 
1200 
800 
400 
000 
©A 



0 

143 



to © E 
774 
592 
400 
200 
000 
L. of©C 

to 0 C 
2588 
2100 
2000 
1000 
580 
R. of © A 



<lia s . 
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Double areas. 

5253640 Trapezium A B C D 
684448 Triangle BEC 
415604) 
249580 f _ , 
149304 f onsets oiw 
135400) 



6917976 

107220 Insets on C E to be subtracted. 



2)68-10756 
34-05378 = 34a. Or. So. Area. 



TO FIND THE ABE A OF A SEGMENT OF A CIRCLE, OR ANY 
OTHER CUItVELINEAL FIGURE BY EQUIDISTANT OFFSETS OR 
ORDINATE S. 

Rule, If a right line AG be divided a b c d e f g 
into any number of equal parts, AB, BC, 
CD, &c, and at the points of division per- 
pendiculars be erected, Aa, Bfi, Cc, &c., 
to the curve ab c defy, then to the 
sum of the first and last offsets, add four a n c D E F r 
times the sum of all the even onsets, and 
twice the sum of all the odd offsets, not including the first and 
last; multiply the sum by the- common distance of the offsets, 
and one-third of the product will be the area, recollecting that 
the second, fourth, &c., are the even offsets, and the third, fifth, 
&c, are the odd offsets. 

Notb. If any portion of the figure is not included by an even number of 
offsets, its area must be found separately and added to tho area found by the 

EXAMPLES. 

1 . Required the plan and area of a piece of land measured by 
equidistant offsets or ordinates, from the following dimensions, 
(See last figure.) 
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First and Inst offsets. 


Oild offsets. 


tu 0 G 




3rd 


= 376 = C 




G 


1st. = 212 = Aa. 5lb 


= 430 = E 


500 


F 


Last — 450 = G 3. 






E 




806 sum. 


300 


D 


662 sum. 


2 






Even offsets. 




100 


B 


2nd. = 306 = lib 


1G12 twice 


000 


A 


4th. = 406 = DA 


4616 


0 A 




Gtk. = 442 = Ff. 


662 






1154 sum. 


6830 sum 



[sum. 

4616 quadruple 



2. Required 
by oqui distant 



3. Plan a 
equidistant 0 



the plan and area of a piece of land, measured 
offsets, the dimensions being as given below. 

175 First and lost offsets. 
2238 Four times even offsets. 
■J33 Twice odd offsets. 



1 11533 AreaAtirffr. 
28C4Trap. nBctf. 

1 14397 = la- Or. 23p. Area. 

Here the area of the trapezoid aBeti is found 
separately and added, agreeable to the preceding 
note. 

1 find the area of a piece of ground from the 
iets given below. 



O0B 




1071 




1000 


485 < l 


900 


6!1J 


800 


874 


700 


103 


600 


115 


■500 


124 


400 


130 


300 


132 


200 


134 


100 


131 


000 


126^0 


0 A 


goW. 





to O E 




115 


600 


90 


126 


500 


96 


130 


400 


91 


121 


300 


82 


110 


200 


69 


93 


100 


43 


70 


000 


24 


Fiou. 


O A 


goE 



Here the piece of ground is curved 
on two sides, the hase line AB pass- 
ing nearly in the middle space be- 
tween the two curves ; in this case 
the sum of the offsets on each side of 
every distance must be considered as 
one offset, in finding the area. 
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4. Required the areas of two fields, the ends of which are 
straight and parallel, and the side curved by the following 
equidistant offsets. 















916 












■ 


i 








i !! 


i r 






sn 






inn 


■unri 


orr 


1 rn 


nnri 


TIT 


77 


800 


260 


120 


800 


8 J 


65 


700 


259 ■ 


93 


700 


so 


C7 


600 


250 


96 


600 


CO 


80 


500 


229 


95 


500 


57 


100 


400 


202 


130 


400 


85 


ISO 


300 


180 


184 


300 


10 


160 


200 


144 


210 


200 


0 


202 


100 


95 


315 


100 


0 


277 


000 


50 


390 


000 


0 


From 


G A 


SON. 


From 


OA 


S oW. 


Area 


3a. 3r. 3 


5?- 


Area 2a. 2r 


ISp. 




Problem VII. 

TO MEASURE A LINE ACROSS A WIDE KTVEK. 
Let the annexed figure be a river, which 
is required to be crossed by the chain-line 
P E. Fix, or cause to be fixed, a pole or ^ 
mark at B, at or near the margin of the §|| 
river, in the line to be measured ; erect 
the perpendicular A D, measuring A C 
and CD of any equal lengths; at D erect 
the perpendicular DE; on arriving at E, 
in tfie direction B C, the distance D E 
will be equal to AB, the required breadth 
of the river. 

From the arrangement of the lines in the figure, it is evident 
that the triangles CAB, CDE are equiangular, and since AC 
was made = C D, the triangles are equal in all respects, and 
consequently A B = D E. 

Note. A sufficient detail of methods of surveying by the help of the cross 
which, though not much used by experienced surveyors, ia a simple instrument, 
and its use readily understood by students. This method is, therefore, n proper 
introduction to the higher branches of surveying; besides, in rurnl districts, 
villages, &c, few surveyors use the more expensive instrument, the chain and 
cross being found quite sufficient to measnre the quantities of growing crops, 
and other suck email surveys at may be there required. 
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CHAPTER III. 
LAND SURVEYING BY THE CHAIN ONLY. 
Tina method of surveying lias long been adopted by ex- 
perienced surveyors ; who have found it, in general, more 
accurate and expeditious, as well as better adapted to laying 
down extensive surveys, especially where no serious obstructions 
from woodlands, water, buildings, &c., exist ; the use of the 
cross, in this method, being entirely excluded by some sur- 
veyors, and by others only used for secondary purposes, as for 
taking occasionally long offsets, or for squaring of lines ob- 
structed by buildings, water, &c, Listead of the cross some 
use the Optical Square for these purposes; which will be here- 
after described ; while some erect perpendiculars with the ehain 
only, as shall be shewn in the following Preliminary Problems. 

The fundamental lines of surveys of this kind usually form a 
large triangle, or several triangles^ abutting from one common 
base, which ought, if possible, to extend throughout the whole 
length of the survey. The sides of the triangle, or triangles, 
must run as near as possible to the external and internal fences 
of the estate, or district, to be surveyed ; the sides of each 
triangle being connected by one or more lines, running any- 
where within the triangle, to determine the accuracy of the 
work. ' These lines are called proof or tie-lines ; and where the 
estate to be surveyed contains a great number of inclosures, 
the proof-lines may almost always be found available in deter- 
mining the positions of some of these inclosures. Where a 
great number of lines run within the main triangle, they are 
called secondary lines, and are usually numbered for the sake of 
reference. Some surveyors number the stations, or extremities 
of the lines; but the former method i3 here recommended. In 
small surveys, for preliminary instructions, the numbering of 
the lines is unnecessary, the stations being referred to by the 
letters of the alphabet, as already done in Chap. II. 

PRELIMINARY PROBLEMS. 
Problem I. 

TO ERECT A PERPENDICULAR WITH TIIE CHAIN. 

Let oB be a chain-lino, and A B the extended chain. It is 
required to erect a perpendicular to a B at B. Fix the end of 
the chain to the ground with an arrow at B ; fix also the 80th 
link of the chain, reckoning from B, at m, 40 links from B; 80 
links of the chain now lying slack Between B and m. Take 
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hold of the 30th link 
of the chain from B, 
and extend it till it 
takethe positionBnm, 

the portions B n, m n ^ 
of the chain being , * 

pulled tight; then - ■-- 

shall Bn be perpen- w R 

dicular* to the chain-line a B, and may be extended to any 
length required. 

Thi3 method of erecting a perpendicular, though not so ex- 
peditious as that by the cross or optical square, is quite sufficient 
for those surveyors, who scarcely once require a perpendicular 
in their operations for weeks together; thus avoiding the in- 
convenience of daily carrying a cross, or other such like instru- 
ment for this purpose. 

Problem II. 

TO MEASURE A LINE IMPEDED BY AN OBJECT NOT OBSTRUCTING 
THE SIGHT. 

Let A B be a chain-line, the direct ffi 
measurement of which is prevented by 
the unforeseen obstruction of the pond 
P. Measure A n till it reach to, or 
near to, the edge of the pond, as to n, 
and fasten the ends of the chain to the 
ground with arrows at m and n, the 
distance m n being made half a chain or 50 links. Take hold 
of the middle of the chain, and extend it firmly, till its two 
halves rest in the positions mo, on; thus making an equilateral 
triangle mno, each side of which is 50 links. In the direction 
mo, measure to nearly opposite the middle of the pond, as to q. 
Again, make p q equal 50 links, fasten the ends of the chain at 
p and q, and extend its middle point to r, as before. In the 
direction qr, measure to till qs be equal to mq. Then s 
will be in the line AB, and msf will be equal to mq or qs, 
which being added to Am will give the distance A*. Offsets 
being taken to the margin of the pond, during the raeasure- 

* Since the parts Bn, nro of the chain are together SO links, of which Bn is 
30, the remainder nm is therefore 50; also Bi» was made 40; whence. 
40* + 30 5 = 50=, that in mB ! + Bit 3 =mn\ therefore by Euc L 47,Bnis 
perpendicnlar to Bm, or mBn is a right angle. 

t Because the triangles ir.no, pqr, are both equilateral, the angles nt m and 
j are each f.0° or one-third a right angle; when™ by Tlieurrm IV. tlio ungle at 
e is also 60° ; therefore all angles of the triangle, and consequently its sides, ari; 
eqoah that is, s a.= q» = mi 
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ment of tho line mq, qs, and proper notes of the operation 

made in the field-book, the measurement from s to B may be 

continued. 

Problem in. 

TO MHASUBE A LINE IMPEDED BY AN OBJECT OBSTRUCTING 
THE SIGHT, AS A BUILDING. 
Let A B be a chain-line, the measurement of which ia pre- , 
vented by the building B. At m, four or five chains from the 
building, take a perpendicular mn, of such a length that the line 
n s may clear the building 
B. At or near the build- 
ing take another perpen- 
dicular pq, exactly equal to 
m n, (these perpendiculars 
ought to be measured with 
the chain or a tape-line, if longer than the offset-staff,) and 
poles being put up, correctly vertical, at n and q, measure 
qsu in the direction n q of the poles, taking offsets to the 
building till it be cleared at s. Now on the line qu, at the dis- 
tance su, at or about equal to mp, erect the perpendiculars sr, 
utf each exactly equal to mn or pq, fixing poles, correctly ver- 
tical, at t and t These poles are evidently in the true direction 
A B, and the measurement of the line may now be continued 
from r to B, after adding the distance qs (which is equal to 
p r) to Ap. 

If tho building, or other object, only protrude a few links 
over the line, the perpendiculars mn, pq, sr, &c, may be 
erected by the offset-staff, as nearly correct as can be judged by 
the eye, and the results will be sufficiently accurate. 

Note 1. When an object, as a pond or pit, not obstructing the sight, pro- 
trudes only a short distance over the line (ace hist figure) ; it will be sufficient 
to erect only the two equal perpendiculars. p j, r s near its margin, with the 
offset- staff, as correctly as can be judged with tho eye, and tho distance qs, 
being measured, and added to Ap, will give the distance A r. 

Notk 2. Some unskilful surveyors square off the line, as they call it, when 
it is obstructed by a building, or other object, that impedes tho sight, in tho 
following manner. On arriving at or near tlio obstruction, a3 at p, a perpen- 
dicular pq is erected to Ap, another j s is erected top q; a third sr, equal to 
pq, is erected to g» ; and lastly a fourth perpendicular r R to r*. Though thia 
last perpendicular is theoretically in the lino A B, the student will at onee per- 
ceive that when so many as four perpendiculars are taken, one npon another, at 
a very short distance from one another, that slight inaccuracies in the observa- 
tions, as well as in the perpendicularity of tlic poles, placed at'jj, q,s, will have on 
almost unavoidable tendency to derange the accuracy of the work ; since a small 
error, made nt the beginning, multiplies as the operation procec Is. But by the 
method given in this Problem, tho two perpendiculars on each side of tho ob- 
struction, are placed so far apart, that a slight deviation in the perpendicularity 
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of the poles cannot materially affect the accuracy of tlio work, while a slight 
error in erecting tho perpendicular?, provided their lengths he made exactly 
' equal, will no affect the work in the slightest degree. If, therefore, ordinary 
care be taken, the chance of error is almost impossible. 

Problem IV. 

TO FIND THE "wiDTH OP A B1VEB, WHICH IS TOO WIDE TO 
- BE REACHED ACROSS BY THE CHAIN, 

Let A B be the chain line crossing a river, 
situated between o and p, a mark being fixed 
aXp, on A B lay off o «, « m, each equal 50 gfl 
links, and with the ends of the chain sue- fl 
cessively fixed at o, n, and at n, m, lay down f" 
the equilateral triangles oqn, n r m, as in - 
Problem II., poles being fixed at «, g, and )•. 
In the two directions p q, n r, fix a pole at s, 
and measure the distance rs accurately with 
a tape line to one-eighth of a link. Then by 
the similar triangles s r q, qop, we shall have 

rs : qr og : op. 
But qr = oq = on = 5Q link, therefore, 

on 1 SO 3 2500 

rs : on on : op = = — = • 

r r s r s r s 
Whence the distance op becomes known. 

For those who do not understand a rule, when symbolically 
expressed, we give, in words at length, the following. 

II cle. Divide 2500 by the distance rs, and the quotient 
will he the breadth of the river, or the distance o p, which 
must be added to A o to give the distance A p. 

EXAMPLES. 

1. Required the breadth of a river by tlii3 method, when rs 
measures 15 links. 

Here ^~ = 166§ links = op. 

2. When rs measures 13£ links, required the breadth of the 
river. 

Hera 2500 * 13J = H22|_ 8 = «°° = 190i li„k B nearly. 
Problem V. 

TRIANGULAR FIELDS. 

When a triangular field, or piece of ground in that shape, is 
to be surveyed, set up poles or marks at each corner, and mea- 
sure each side, leaving marks in at least two of the lines, and 
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entering their distances in the field-book ; then measure the 
distance between the two marks for a proof-line : — or, one 
mark only may be left in one of the lines, which may be con- 
nected with its opposite angle for a proof-line. 

EXAMPLES. • • 

1 . Required the construction and area of a field from the fol- 
lowing dimensions. 





range E. 



When the triangle A B C is 
constructed, the proof-line m n 
will be found to measure 384 
links, shewing that there has 
been no error in the work : 
also the perpendicular CD will 
be found to be 770 links ; 
whence the area of the triangle 
= 1338 x 770 + 2 = 5-15130 
= 5a. Or. 24p. the area. 

Note. If the proof lina measured from tho plan, does not exactly, or very 
nearly, agree with that measured in the field, some error has been made, and 
the work must be repeated. 

TO FIND TOE AREA OF A TRIANGLE FROM THE THREE SIDES. 

Rule. From half the sum of the three sides subtract each 
side severally and reserve the three remainders ; multiply the 
half sum continually by the three remainders, and the square 
root of the product will be the area. 

Note. By this rule the area of o triangle may be found without laying it 
down, or finding the perpendicular.' 

Adopting the preceding example, we have by the rule, 
1333 + 852 + 1244 , ., . 
— 2 — = = half sum of the three sides. 

Then 1717 — 1338 = 379 = 1st remainder; 1717 - 852 = 
865 = 2nd remainder; 1717 — 1244 = 473 = 3rd remainder; 
whence ^(1717 x 379 x 865 x 47.8) = 5-15022 == 5o.0r.24p. 
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the same as the area already found by measuring the perpen- 
dicular from the plan. 

Note. This method of finding the areas of trjanglea ia very little rued in 
practice, on account of its requiring a tedious calculation, wbich may, however, 
be more readily performed by logarithms, as shall hereafter be shewn. 

2. It is required to lay down a survey and find its content 
from the following field-notes. 




Having drawn the figure, the proof line m n will be found 
to measure 351 links, as in the field-notes; and the perpendi- 
cular B b to be 1056 links. 



Double areas. 

2644224 Triangle ABC 
655676 Offsets on A B and A C 

3299900 Sum 
200616 Insets on B C 



2)3099284 Difference 



15-49642 = 15«. 2a Op. nearly, the' area required. 
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COMPUTATION OP THE AREA BY CASTING, THAT IS, BY RE- 
DUCING THE CROOKED SIDES TO STRAIGHT ONES. 

The offsets in the last example have been computed, in man- 
ner already shewn in Chap. I.; but by this method straight lines 
are drawn on the plotted figure so as to include as much space 
in the area to be measured, as they exclude, as nearly as can be 
judged' by the eye, the area to be measured is thus reduced to 
a figure bounded by right lines only, which may thence be 
much more expeditiously reduced to triangles, trapeziums, &c 
The method of drawing these lines is usually by a straight edged 
ruler of transparent horn, or by a silken thread stretched with 
a bow; the ruler or thread being moved over the crooked fence, 
till it appear to the eye to enclose as much of the adjoining 
ground as is left out, a line is then drawn in this position ; and 
so on for other crooked fences. Thus the trouble of calculating 
numerous offsets is completely avoided, and with proper care 
equal accuracy is obtained. 

2. We shall adopt the last ex- 
ample for this method of casting, 
that it may be seen how near the 
two methods agree. 

The figure being constructed, 
and the boundary drawn care- 
fully with ink, the chain-lines 
must then be rubbed out, and the 
♦hree dotted lines A li, B C, C A 
must now be drawn, in such a 
. manner, that the parts excluded 
"/ B by them maybe equal to the parts 
included, as nearly as can be 
judged by the eye. The base 
A C will be found to be 2584 
links, and the perpendicular B b 
= 1200 links. "Whence 
2^xiaoo =I5 . 50400 = 15ni2r-1p- 

nearly, the area by this method. 

If the area found by the true 
method be taken from the area, 
just found by casting, it will be seen that they 
differ by little more than one pole out of 25-jj 
acres, or little more than 1 in 4000 : thus 
15-50400 
15-49642 

■ ■ 70S Bqaftto links, or little mow than one pole. 
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en at once that a great deal of (rouble is saved by 
refore generally adapted by practical surveyors; 
although it is certainly less correct than by calculating from the offsets, the 
former method depending chiefly on the accuracy of the casting lines for the 
truth of its results ; but practice "will soon render it easy to draw the lines ao 
as to obtain almost perfect accuracy. 

3. Required the plans and contents of two fields by both the 
methods of calculation, viz., offsets and by castings, from the 
following field-notes. 





To o n 




1151 




© D 




to © A 




•I 04 11 




1200 




B.0C 




to © C 


0 




63 


1GU0 


145 




190 


1400 


117 




120 




189 


1000 


120 




127 


500 


120 




90 


200 








Ii. © B 




'I'll !'(■!!!'{'. 


Gl 


1861 


34 


1750 




1600 


120 


1400 


150 


1200 


130 


" 1000 


115 


800 


110 
60 


600 
400 


33 
0 


200 
000 


From 


© A 



Content 18<t. Br. <•■•;>. 





To © A 


0 


2100 


13 


2000 


99 


1800 






J 50 


1400 




1245 


212 


1100 






61 


900 






71 


750 










147 




173 




140 


200 


93 


100 


0 


000 
It. © C 




toQC 


0 






1600 










140 


1300 






40 


1040 


61 


900 


179 


760 


0 


660 


19 


540 


MO 


400 


80 
98 


800 
209 


92 


600 




R. © B 




To fence. 




1598 




1510 




0 A 



Content 17«. 2r. 21 if. 
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Note. It will ba seen that in the main triangles of these two snrvevB, the 
proof lines havo been taken from a side of each to its opposite angle; which la 
the best method of proof, when convenient to make it; but it may be performed 
with equal accuracy by Inking a proof line from one side to another, at a flhort 
distance from ono of the angles of the triangle. 

Problem VI. 

FOUR SIDED FIELDS. 

When a field lias four sides, straight or crooked, measure the 
four sides, or lines near them, if crooked, taking the offsets : 
also measure one or both the diagonals, one of which will serve 
as a base in plotting the work, and the other for a proof-line ; 
or the proof-line may be measured in any other direction that 
may be most convenient. 

Sometimes the measurement of both the diagonals is pre- 
vented by obstructions, in such cases it will be sufficient to 
measure tie-line3 across two of the angles of the trapezium, at 
the distance of from two to five chains from each angle, ac- 
cording to the size of the field. These tie-line3 with their dis- 
tances from the angles on the main-line3 will be found sufficient 
for planning the lines and proving them. 

EXAMPLES. 

1. In the annexed figure the 
lines AB, B C, CD, DA are 
measured, marks being left at p, 
q, and r, and their respective 
distances on the lines noted in 
the field-book, thus furnishing 
the following method of laying 
t down the plan. 

On AB, as a base, take Ap 
= given distance, and with the 
distances A r, p r, and centres 
A and p describe arcs cutting in 
; then prolong A r, and lay off 
! thereoa the given length A D. 
In the same manner construct 
the triangle p B g, and make B C = its given length. Lastly, 
join D C, which must be of the length shewn in the field-book, 
otherwise there has been some mistake either in the measure- 
ment, or in laying it down. Should this be the case the whole 
of the work, firstly on the plan, and secondly in the field, must 
be gone over again till the error be discovered. 

Note. When the main lines tbat include the chief part of the ((round to be 
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measured are of considerable length, as from 30 to 40 chains, it will bo neces- 
sary to toko the tic-lines at least 10 chains from the angles, across which they 
are- measured; for a small error, in laying down t ho plan with short tie-lines, 
will causo the main lines to deviate considerably from their true position when 
prolonged. However, it sometimes happens thai long tie-lines cannot be ob- 
utloeC in con; i " ' ■ '■•> .fjch <a-/-s the lie-line must tin care- 

fully measured tu even one-fonrib of a link ; the distance of each tic-lire from 
its angle acd the tie-line itself mast then bm.Il multiplied by 4, ibus throwirc 
fractions nut uf the questioo, and with the three lines, thus Increased, the 

t^i:.: _'!. .-i^iini:i; ' Ci. ] . *;d.ni of uii angle uf tin* trapezium, may be hicu- 
rately constructed. The proof-line ani its distances frura its angle must be 
similarly treated, thai ifcu acc utzcy of tbo work may b« fully established. 

2. Required the plan and area of a straight-sided field from 
the following dimensions. 



© HI 



©r 



go North. 



When the figure has heeti laid down, the diagonal A C will 
be found = 1926, and the perpendiculars thereon from B and 
D respectively = 632 and 514 links. "Whence the area is 
I la. Or. 5$p. 

3. Draw the plans, and find the contents of two enclosures, 
from the following field-notes, both by calculation from the off- 
sets and by casting. 

Note. In each of the two following examples, it will be Been that there are 
two straight sides, and two that require offsets ; also, in the furmor example, 
one of the crooked s"idea is crossed by tho chain-line, thus producing insets, the 
content corresponding to which must be subtracted, its in former cases. 



To ©A 
. To On 4811 HI 
Proof-line. ./ L. © D 

to © D 
To OB 8331 >JJJ 
Proof-line..} j,, ©0 



to 0 C 

886 
L. 0 B 



to 0 B 
1446 
© n 500. 
From © A 
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To0B 
2021 
2000 
1000 

toQB 

to©C 
2960 
2000 
1000 

B.0A 

to © A 
1844 
1000 

E. ©D 



To0D 
2473 
2000 
1000 

toQB 

W©C 
2G52 
2000 
1000 

R.0 A 



2000 
1600 
1200 



to0D 
2750 
2G00 
2400 



to0C 
1323 
1000 

B.0B 



2000 
1000 

From 0 A 
Content 38a. 



Problem VII. 



FIELDS HATING MOKE THAN FOUR SIDE 9. 

Various methods will suggest themselves to the surveyor lor 
taking lines to lay down a field that requires more than four 
main lines to take its boundary. The method of dividing such 
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fields into trapeziums and triangles is, in most cases, circuitous, 
and displays little skill on the part of the surveyor, especially 
where all the sides are crooked, and where a plan is required. 
A few methods of surveying fields of this kind will, therefore, 
be presented to direct the student ; although their variety of 
shape is so endless, that no general rule can be given for laying 
out lines on the ground, that shall give nn incontestably accur- 
ate plan. To tie every angle in succession, though true in 
principle, is by no means a safe method, especially where there 
are a great number of angles to be tied, as an error in one of 
the tie-lines will derange the whole of the work, without afford- 
ing the means of detecting where the error lies. 

Note. Tho following examples of surveys of tliia kind occurred in part of 
the author's extensive practice, as a surveyor of parishes, under the Tithe- 
Commissioners. Tho student is recommended to sketch the following specimens 
on a large scale, and find their contents by tho usual methods. 

I. Here a field of 
five sides is surveyed 
by the same number 
of lines, viz. AB, BC, 
CD, Dm, and Aw, the 
last two intersecting 
in E. These lines 
evidently constitute a 
decisive proof among 
themselves and all of 
them are available in 
taking the boundary. 

In surveying this field (poles or natural marks being sup- 
posed to be fixed at A, B, C, D, and E) commence close to the 
river's edge, in the line A B prolonged backwards, enter the 
offsets and the station A in the field-book. On arriving at © m, 
in the direction ED, enter its distance, and so on to 0 B, mea- 
suring the line to the fence ; from B proceed to C, in like man ■ 
ner, measuring beyond the station to the fence. The place of 
the 0 » is to be noted, on arriving in the direction E A, while 
measuring CD. Dm is next measured, the place of the © E 
being noted. Lastly, go from m to A, and measure Am, enter- 
ing the place of the 0 E a second time, all the offsets being 
supposed to be taken during the operation. 

Construction of the plan. Select the distances Am, AE, and 
E m from the field-book, and with them construct the triangle 
AmE, prolong the sides to their entire lengths, up to the 
boundaries, and fix the places of tlte stations B, n, and D. 



EXAMPLES. 
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Now, if 'the measured length of D n just fit between D and n, 
the work is right with respect to the triangles AEa, E D n. 
Lastly, prolong D« to the © C, and, if the distance from thence 
to the © B be the same as shewn by the field-hook, the whole 
of the work is right. But, if the distance Dm do not agree, 
the work must be examined from the beginning ; if only the 
distance B C fail, then only that distance and the portions m B, 
C n need he examined. 

Note. It may here be proper to odd (hat, if a straight fence had passed at 
or near the stations m and n, excluding tho portion of the Cold towards B and 
C, these stations would have determined the position of that fence, thus com- 
pleting Ibe survey of a five-sided Gold with only the four lines Am, tiD, Dw, 
n A, which may bo measured consecutively. 

2. The annexed figure AmDwBCE is a seven-sided field, or 
rather resolveable into a seven-sided field for the purposes of 



sured consecutively. The stations m and n in A B, being care- 
fully noted in the field-hook, give at once the means of laying 
down the plau, and proving its accuracy. The student will at 
once perceive that the triangle mn D should be first laid down, 
and its sides B- m, D n, prolonged to the stations C and E, from 
whence the lines C B, E A, must respectively reach the points 
B and C to" confirm the accuracy of the work. This done, the 
offsets on the several lines may he laid off, through which the 
bent fences are to be drawn ; the side, C E, being straight, is 
determined by joining the stations C and E, which are assumed 
to be therein, or, what means the same thing, by the edge of its 
ditch or drain. 

Note. It ought here to bo remarked, that by iho ordinary method of sur. 
raying, this field would require nine lines to effect its survey, viz., for the tra- 
pezium A B C E, its four aides and two diagonals or tie-lines, thus making six 
lines ; and for the triaugle Dwm, at least three other linos, (its tie-lino included) 
thus mnking in all nine lines, or nearly twice the number required by the 
method here given. 

3. The following figure comprises two fields, by the side of a 
river; each field, for the purposes of surveying, may be con- 




£ 



D 



O 



surveying; one of the 
sides CE is straight, and 
the fence A»D»B too 
much bent to be taken 
by one line, crossing and 
recrossing it, with offsets 
taken to the right and 
left. The lines here re- 
quired are only five, viz. 
AB, BC, CD, DE, and 
E A, which may be mea- 



45 



LAND SURVEYING BY THE CHAIN ONLY. 



sidered a five-sided field. The five lines Alt, B C, Cm, nE, 
and E A, are found amply sufficient to accomplish an accurate 




survey, in consequence of the three fences, terminating at the 
river being straight, their positions are determined by the in- 
tersections of the surveying lines, the middle fence by three 
intersections, and the two end fences by two intersections and 
one offset each, thus proving the accuracy of their positions. 
The two main triangles of the survey, viz. A»E, wBC, mutu- 
ally prove one another by the intersection at the station D. 

It will be unnecessary to explain the method of laying down 
the figure, as that will be obvious from what has been done 
before. It may, however, be proper to remind the student 
that the largest triangles ought to be laid down first, and the 
accuracy of the plan will be shewn by the agreement of the 
© D with the proper intersection of the lines Cm, En. 

1 Note. By the common-place method, used by the generality of surveyors, 
the two fields, in the last example, are mada to require no less than 12 linoa 
instead of 5, as here shewn, viz., one in the same position as the A B, one near 
the three bends ia the river ami two close by the right anil left straight fences ; 
thus forming a trspezimn, lvhidi, v.'ilii (wo rtiiigismils, or Liu- lines, requires fi 
lines in the usual way ; the two triangles, abutting from the side of the trape- 
zium next the river, requiring, as Bides and tie-lines, three lines each, that is, 
C lines more fur the purpose of taking the benils of the river; thus making 19 
lines in all, as already stated. 

4. Required the plan and the area of a field, having six 
sides, from the following field-notes, taken from an old, though 
stiil much practised, method. The first figure shews the lin<;o 
according to the old, the second according to the improved 
method. 
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To©B 
13-21 
o©F 






to 0 ii 
53G 
L. © D 



1GG4 
I!. © A 



© A 



' 1607 to © E, 
length of 1'ciico. 



range North. 



Area 13a. lr. 7p. 

It will be seen, from the field-notes and the first figure, no 
less than eleven lines are used to complete the survey by the 
old method ; whereas four lines will be found amply sufficient 
to effect the same purpose : thus the three lines PB, BC, and 
CP, constituting the triangle PCC, are first measured, stations 
being left at m and n in the direction of the corner at Ej the 
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line mE is then measured through the © n; thus proving the 
triangle PBC, and determing the position of the straight fence 
D E, which position is further proved by offsets and a crossing 
at, and south of D, the crooked fences having been taken by 
offsets in the usual way: thus completing the survey with little 
more than one third of the lines required by the former method. 
The student can readily add the field-notes in the latter case. 

5. Required the plans and contents of two straight-fenced 
fields, each having five sides, from the following field notes, as 
given by old methods. 



To 0 A 
2083 
1000 

1O0D 



t O 0E 

8J0 
R. 0 0 



toQ A 
. J 170 
B.0E 



to 0 E 
It. © D 



to©D 
730 
L. 0C 



to0C 

779 
R.0B 



To ©13 

7S5 
It. 0 E 



to0E 

619 
200 
It. © C 



to0 C 

599 
I!. 0 A 



to0A 

196 
R. Q E 



lo 0E 

S46 
R. 0D 



to0D 

309 
It. 0C 



to0C 

267 
R. 0 B 



667 

t© A 



Content la. 2r, 36/). 



Note. In the two preceding examples, nine lines are required in each case, 
by the circuitous methods there adopted. Each field, by (ho improved methods, 
here laid dowo, nrny be surveyed by five lines, or both fields by only one line 
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more than are required by the methods given in the preceding field notes. 

Precisely the same system of lines may be adopted in tlie former case, aa has 

been done in the Example 1. The tatter case is left to the ingenuity of the 

student. 

Problem VIIL 

TYOOD9, LAKES, AND SWAMPY GROUNDS. 

When woods, lakes, and swampy grounds are required to be 
surveyed, where lines cannot be measured upon them, a system 
of lines must be adopted for each particular case, so combined 
by triangulation as to prove their accuracy, among themselves, 
when laid down on paper. If the wood, or other inaccessible 
space, (as far as measuring is concerned) be either of, or very 
near, a triangular shape, the three sides of a triangle will com- 
pass it, which may be proved by a tie-line at one of its corners, 
if the wood or lake will admit one of sufficient length, but, if 
not, any two of the sides of the triangle may be prolonged for 
this purpose, offsets, or rather insets, being taken to the bound- * 
ary of the wood or lake, in the usual way. 

1. Ih-rc the three sides of the triangle ADO compass a lake 

or large pond, insets 
,AC being taken there- 

from to the margin 
of the water. The 
accuracy of the work 
is proved by the tie- 
line pq', or, if this 
line be thought too 
\ y '' A short, (as it appar- 

«V ently is) the sides 

AE, CB may be pro- 
longed to m and », till B m, B n, each equal ahout one third of 
AB, and the tie-line mn, being measured, will establish the ac- 
curacy of the work, or prove it wrong, a3 the case may be. 

2. The annexed figure shews the survey of a wood, which is 
H -c,C effected by the four main-lines 

^St'^^pW AB ' B °' c D ' D A ' the first 

line being prolonged to p, and 
stations being left at m, n, and 
q for the tie-lines mn, pq. It 
scarcely need be added that 
when the lines A B, AD, B C, 
are laid down by the help of 
the two tie-lines, the line B D 
will exactly fit in, if all the work has been accurately done. 
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3. Kequired the plan and area of a wood from the following 
field notes, two of the fences of which are straight. 
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The figure being laid down, 
and reduced by casting the 
two crooked sides, the area 
will be found 458,065 square 
links, or 4a. 2r. 13d. 



go E. 



Note, As a general rule for surveying woods and lakes, the following may 
be given : — Measure as many lines round the boundary to be surveyed as will 
compass it, and tie all the angles, except the two last, as in the preceding ex- 
amples ; you will thus obtain a system of lines that will prove among them- 
selves, as the last measured side will just reach from the last station to the first, 
if tha work have been done with accuracy. But the shapes of woods, &c, are 
so various that it would not be adviseable, in every case, to adhere to this 
method: ranch must, therefore, be left to the skill of the surveyor. In the 
southern counties of England, where coppice wood is sold by the acre for fuel, 
it is very frequently required to survey a portion of a wood, (the coppice being 
cut down, and the large timber still standing) ; in such cases, the lines must be 
taken within the space to be surveyed, as the adjoining uncut coppice prevents 
their being taken outside. The lines must, therefore, be ranged among the 
growing timber, as well as they can ; and the tie-lines taken through the most 
convenient openings left by the trees. Surveys of this kind, it may be proper 
to add, are best performed with the help of the Prismatic Compass, or the Box 
Sextant, which are sufficiently accurate for these surveys, which are always of 
small extent. 
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A small estate, of a form nearly triangular, is divided into 
six fields by four straight fences, as shewn on the annexed 

plan. The survey is 

£ a^--S\ commenced at A, by 

~^D/y measuring the line AD, 
taking the offsets, and 
leaving stations at the 
crossing of these fences 
at B and C. The line 
D E is now measured, 
also crossing two of the 
straight fences. From 
the 0 E the line E A 
is measured, leaving 
stations at the hedge- 
crossings F and G: thus 
completing the triangle 
ADE. Next, the line 
B G is measured, close to 
the straight fence B G, 
and crossing thestraight 
fence a b. Lastly, the 
line F C is measured, 
again crossing the straight fence a b and coin station being 
left at m, about a chain's distance from o, and one chain mea- 
sured close by the fence oc to «, and from thence to © m: (the 
last operation being, in moat cases, the most readily performed 
before the line passes the fence c o) thus completing the survey. 
The position of the straight fence a b is proved to be correct 
by the crossing of three of the lines of the survey, viz., B G, 
F C, and D E ; the crossings made by these three lines on a b, 
must he in a right line oathe plan, otherwise there has been an 
error in the field notes. The straight fence o c has only two 
crossings by the surveying lines FC, DE, its position is, there- 
fore, not duly proved to be correct without the tie-line m n, 
measured in the manner already stated. This expeditious 
method of proving the position of a straight fence, crossed by 
two chain lines (as the fence co), was never adopted till done 
so by the author, in the parish survey under the Tithe Com- 
missioners, who, in their instructions to surveyors, directed the 
lengths of all such fences to be measured to establish the accu- 
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racy of their positions. Now the measurement of the length of 
such a straight fence as c o, which is nearly perpendicular to 
the two chain lines that cross it, gives a very imperfect proof 
of the accuracy of its position, especially if it he a long one. 
In this latter case the fence co might he a full chain from its 
true position- at one end, and its length, as shown by the plan, 
would be so near the measured length that the error would not 
be detected ; whereas the tie line m n, shown on the plan, 
would detect the error at once, by its increased or diminished 
length. However, when two chain lines cross a straight fence 
obliquely, the length of the fence, from crossing to crossing, 
evidently gives a sufficient proof of the accuracy of its position; 
yet to measure a short tie line, at one of the crossings, is a 
shorter method of proof, in all cases "where the length of the 
fence is considerable. The method of proof recommended by 
the Commissioners in question, ought, therefore, never to be 
adopted, except where one or both of the chain lines cross the 
straight fence obliquely and at a short distance. It seems 
hardly necessary to remark that the positions of the straight 
fences G B, C F are determined by the lines measured close to 
them. Tlius the survey ef sit fields may be made, and its 
accuracy proved, by Jive lines, with the two short lie lines m,n, 
n o, which may be regarded as mere offsets. Besides, had the 
fences G B, C F been crooked, the same lines would have ef- 
fected the survey by offsets thereon. Moreover, the survey of 
these six fields, all the infernal fences being as shown in the 
plan, may be accurately effected by four lines, in the following 
manner. The triangle A D E remaining as the foundation of 
the survey, let a station, or rather direction point, p be entered 
in the field notes, in the direction of the straight fence a b, and 
another similar point at q, in the direction of the straight fence 
oc; leave also a proper station mark, or pole, at r; on arriving 
at £ in E A, leave another station, in such a position, that a 
line from s to r will cross all the four straight fences. This 
last line will prove the fundamental triangle ADE and the posi- 
tions of the four straight fences, at the same time, without mea- 
suring the lines by the fences G B, CF; which can have now 
three crossings by chain lines, and the other two fences ah, oc 
have each two crossings by chain lines, and each one direction 
point, viz : p and q; through which points these fences must 
respectively pass, after they have been drawn through their 
crossings on D E, and the other line from s to r, not shown on 
the plan. This method of determining the position of straight 
fences, though theoretically elegant, cannot always be easily 
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practised, especially where the iences are high, or the ground 
hilly, thus preventing the directions of the straight fences being 
seen to distant chain lines, as in the cases of the fence a b, oc, 
with respect to the chain line A D. 

THE METHOD OF MEASURING BILLY GROUND. 

When the ground, over which lines are measured, rises or 
falls, or both alternately, the horizontal distances are what are 
required in plotting the survey, as well as for finding the con- 
tent thereof, and not the actual distances measured along the 
surface of the ground. 

For many ordinary purposes the horizontal measurement 
may be obtained by holding the end of the chain up so as to 
keep it horizontal, as nearly as can be judged by the eye, the 
arrow being placed vertical under the end so held up : but 
when a large and accurate survey is required, the distances 
must be measured along the line of ground, and the angles of 
elevation and of depression of the several inclined parts of the 
line must be taken, either with a common quadrant, or after- 
wards with the theodolite (to be hereafter described), and the 
lengths of the several rises and falls must be noted ; from which 
the corresponding correct horizontal distances may he readily 
computed. The following table shews the number of links to 
be subtracted from every chain, or 100 links, for the angles 
there set down. 



Table shewing the reduction in links and decimals of a link 
upon 100 links for every half degree of inclination from 3° 
to 20° 30'. 



Angle. 


Refaction. 


Angle. 


Redaction. 




Redaction. 


3° a 


0-15 


9° 


a 


1-23 


15° 


a 


3-41 


30 


019 




30 


1-37 




30 


3-64 


4 0 


0-24 


10 


0 


1-53 


16 


0 


3-87 


30 


0-31 




30 


1-67 




30 


4-12 


5 0 


0-38 


II 


0 


1'84 


17 


0 


4-37 


30 


0-46 




so 


2-01 




30 


4-63 


6 0 


0-55 


12 


0 


2-19 


18 


0 


4-89 


30 


0-64 




30 


2-37 




30 


S-17 


7 0 


0-75 


13 


0 


2-56 


19 


0 


5-45 


30 


0-86 




30 


2-76 




30 


5-74 


8 0 


0-97 


14 


0 


2-97 


20 
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6-03 


30 


1-10 




30 


3-19 




30 


6-33 



By this table the trouble of computation is avoided, only the 
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distance, measured on each rise or fall, requiring to be multi- 
plied by the reduction in chains corresponding to the angle of 
each rise or fall, and the product, subtracted from that dis- 
tance, will give the correct distance, as in the following 

EXAMPLES. 

1. A line was measured 12-43 chains, on ground having a 
rise of 8j degrees, required the horizontal length of the line. 

Here to 8£°, or 8° 30' corresponds the redaction 1*10 links, 
whence 

12-43 Whence 12-43 

1-10 13-673 



13 6730 lints 12-29-327 horizontal distance, 

in which the decimal, being less than half a link, is rejected ; 
thus making the correct horizontal distance 12-29 chains, or 
1229 links. 

2. The acclivity of a hill rises 20°, and measures 16-14 
chains, its declivity falls 1 lh° and measures 32*28 chains, re- 
quired the horizontal distance between the extremities of the 
line thus measured over the bill, it being level at the top 2-80 
chains, 

Here 16-14x6-03 = 98-1312 
32-28x2-01 = 64-8828 



163-0140 or 163 links, or 1-63 chains. 

"Whence 16-14 
32-82 
2-80 . . 

51-22 
1-63 

49-59 chains, the horizontal distance required. 
Notts. When fences are crossed, stations made, he, on the acclivity or declivity 
of a hill, the horizontal distance up to such points must be found. Some sur- 
veyors place the arrow forward a distance equal to reduction, due to the angle 
of acclivity or declivity, at the end of every chain measured, and thus obviate 
the necessity of reducing the line afterwards, having for the purpose a small 
pocket quadrant, so graduated that the plumb-line thereof shews, on observing 
the angle of elevation or depression, the reduction required for each chain. A 
great deal of trouble is thus saved as the theodolite cannot be conveniently 
carried about for this purpose. Such pocket quadrants are not made by the 
mathematical instrument makers, being the productions of clock makers or 
other mechanics, according to the various designs of surveyors. 
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THE USE OF THE PARALLEL RULER, 

IN REDUCING CROOKED FENCES TO STRAIGHT ONES, TO FACILI- 
TATE THE COMPUTATION OF THE CONTENTS OF FIELDS. 

As some surveyors prefer the parallel ruler to the method 
already given, for reducing crooked fences to straight ones, the 
method of using that instrument for this purpose is here given. 
This method is founded on a well-known proposition of Euclid, 
in which it is shewn that triangles on the same base, and be- 
tween the same parallels, are equal. 

Let ABC, ABD he 
triangles on the same base 
AB, and between the same 
parallels AB, CD; then 
the triangle AB C is equal 
to the triangle ABD. And, if the triangle A E B, which is 
common to the other two triangles, be taken away, the remaining 
triangles A E C, BED will also be equal; whence equal areas 
may be transferred from one side of a line to the other, which 
is the principle, on which, as already said, the following Pro- 
blems are founded. 

Problem I. 

IT IS REQUIRED TO REDUCE THE OFFSET-PIECE ABODE TO 
A RIGHT ANGLED TRIANGLE AEc, BY AN EQUALIZING LIKE 
E C, WITH THE PARALLEL HULK if. 

Draw the indefinite 
line Ac perpendicular 
to A E. Lay the pa- 
rallel ruler from A to 
C; hold the near side 
of the ruler firmly, and 
move the further side 
to B, which wilt cut Ac at a, where a mark must be made. 
Lay the ruler from a to D, and the further side thereof being 
now held fast, bring the near side to C, marking Ac at b. 
Lay the ruler from b to E, move it parallel to D, marking A c 
at c. Join E c; then A E c is a right angled triangle required, 
and it3 area may be found by taking half the product of AE 
and A c. 

THE FOLLOWING IS A GENERAL RULE TOR SOLVING PROBLEMS 
OP THIS KIND. 

Draw a temporary line, as A c, at right angles, or at any 
other angle to the chain line, as A E, of the offsets. 
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1. Lay the ruler from the first to the third angle, and move 
it parallel to the second angle; then make the first mark on the 
temporary line. 

2. Lay the ruler from the first mark on the temporary line 
to the fourth angle, and move it parallel to the third angle; 
then make the second mark on the temporary line. 

3. Lay the ruler from the last named mark to the fifth angle, 
and. move it parallel to the fourth angle; then make the third 
mark on the temporary line. 

4. Lay the ruler from the last named third mark on the 
temporary line to the sixth angle, and move it parallel to the 
fifth angle ; then make the fourth mark on the temporary 
line. 

In this manner the work of casting by the parallel ruler may 
be conducted to any number of angles. Great care must be 
taken, during the operation, to prevent the ruler slipping, as 
such an accident will derange the whole of the work, if not 
discovered and immediately corrected. 

Problem: II. 

TO REDUCE A CURVED OFFSET-PIECE TO A RIGHT-ANGLED 
Till ANGLE. 

Let A a 6 c d e B be the , 
curved offset-piece. Divide 8 "-^^^ T> c $ 

the curve by points t£&t, &c, A _ , dT^X: 1 — — *^ e 

so that the parts A a, a b, Sec, % : : 



AB. Lay the ruler from A 
to b; move it parallel to a, and mark A 5 at 1. Lay the ruler 
from 1 to c; move it parallel to b, and mark A 5 at 2. Lay 
the ruler from 2 to d; move it parallel to c, and mark A5 at 3. 
Lay the ruler from 3 to e; move it parallel to d, and mark A 5 
at 4. Lay the ruler from 4 to B; move it parallel to e, and 
mark A5 at 5. Draw the line B5; then will AB 5 be a right 
angled triangle equal in area to the ofiset-piece AabcdeB, 
as required. 

EXAMPLES FOR PRACTICE ON THE TWO PRECEDING 



1. Lay down a right-lined offset- piece,' from the following 
notes; reduce it to a triangle by the parallel ruler; and find 
its content, both by calculation from the onsets and the casting 
of the ruler. 



. and draw A 5 perpendicular to a 



may be straight or nearly so ; 1 




B 



PROBLEMS. 
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THE USE OP THE PARALLEL RULER. 
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The area found by calculation from the offsets i3 Oa. 2r, 17p. 
and the perpendicular of the triangle, found by the casting of 

the parallel ruler, is 161 links. Hence 751 * 161 = 0.60455 

square links, or somewhat more than Oa. 2r. Ityp. It hence 
appears that the method of casting by the ruler, gives the con- 
tent very near the truth. In fact this method is mathematically 
accurate; but the danger of error, as already said, arises from 
the accidental slipping of the ruler during the operation. 

2. Lay down and find the area of a curve-lined offset-piece, 
from the following field notes : and find its area both by cal- 
culation, and by the casting of the parallel ruler. 
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By both the methods the area is found to be Oa. 2r. 15^p. 
nearly, the perpendicular on A B being found 199 links by the 
casting operation. 

Problem III. 

TO REDUCE THE IRREGULAR FIELD ABCDEFGHK TO A 
TRAPEZIUM BY THE PARALLEL RULER. 

Prolong the line A K at pleasure. Lay the ruler from K to 
6; move it parallel to H, and mark AK prolonged at 1. Lay 
the ruler from 1 to F; move it parallel to G, and mark AK 
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at 2. Lay the ruler from 2 to b 
E; move it parallel to F, and 
mark AI at 3. Draw a line from 
3 to E and prolong from E. Lay 
the ruler from E to C; move it 
parallel to D, and mark 3 E at 
4. Lay the ruler from 4 to B; 
move it parallel to C, and mark 
3 E prolonged at 5. Draw a 
line from 5 to B; then shall 
A B 5 3 be a trapezium, equal 
in area to the irregular figure 
ABCDEFGKj the area of 
• which may be found by mul- 
tiplying the diagonal B 3 by 
half the sum of the perpendicu- 
lars thereon from A and 5. 

Nora. In this manner the crooked 
sides of a field may be successively re- 
duced to straight ones. Thus, if the 
. sideABhad been crooked, the operation 
of straightening might be continued by 
prolonging the dotted line 5 B, and find 
successive points therein, corresponding 
to (he assumed angles, till the last angle 
was brought thereon, and so on with 
respect to the side A K, bad it also been 
crooked. When the sides of a field are 
curved, the method of reducing them to 
straight lines is the same as shewn in 
Problem II. 

Problem IV. 

TO DRAW AN EQUALIZING LINE THROUGH THE CROOKED FENCE 

abede, so that the two fields A B e a, a D C « may 

BE FOTJB SIDED. 

Lay the ruler from a to Cj 
move it parallel to b, and 
mark A D at 1. Lay the 
ruler from 1 to d ; move it 
parallel to c, and mark A D 
at 2. Lay the ruler from 2 
to e j move it parallel to d, 
and mark A I) at 3. Draw 
the line e3, and it will divide 
the two fields, so that their 
quantities shall be the same as those before separated by the 
crooked fence abode. 8* 





Digitized 0/ Google 



58 SURVEYING LARGE ESTATES 

It is scarcely necessary to add, that had the fence abode 
been curved, the equalizing line might have been found as in 
Prob. II. 

Note. The owners of adjoining estates sometimes agree to straighten fences 
or boundaries, by an equtliziug 1 line of fence, or as they terra it, " by giving 
and taking equal quantities of land." When this is required to be done, the 
crooked or curved boundary fence must be first measured on the ground, and 
tben plotted on a large scale ; when the equalizing line may be drawn on the 
plan, as shewn in the last, Problem, and the distance from D to 3, or from a to 
3, must be correctly measured by the scale! this distance must next be mea- 
sured in the field, accordingly as it is taken from D or a; and the new line of 
boundary e 3 may now he ranged and marked out, preparatory to making the 
required fence. Moreover, to guard against errors, in the preceding operation, 
it ia advisable to measure, both on the plan and on the ground, the parts cut off, 
on each side of the new boundary lint, thus proving the work, as an error is 
of serious consequence in these matters: and, if one is found to exist, it must bo 
corrected before the boundary fence is made. 

SURVEYING LARGE ESTATES OR PARISHES BY 
THE CHAIN ONLY. 
1. Having perambulated the boundary of the estate, parish, 
or lordship to be surveyed, if you find that its boundary ap- 
proaches somewhat near to that of a four-sided figure, or trape- 
zium, the system of fundamental lines, adopted by order of the 
Tithe Commissioners of England and Wales, is to be preferred. 
These fundamental lines are six in number, of which four must 
run close by, or as nearly as possible to, the boundary in 
question, thus forming a trapezium, four lofty station poles 
being placed at each angle, as objects for running the lines ; 
the other two lines must form the diagonals of this trapezium, 
and therefore pass through the central parts of the survey, 
intersecting each other, the points of intersection being noted 
on measuring each line, so that when the system of lines are 
laid down on the plan, the proof of the accuracy of the work 
may be fully established, before the minor operations, or filling 
up, as it is called, is commenced. It will be necessary, more- 
over, in almost every case, to range the lines between every 
two of the main stations with long slender ranging poles, as 
the intervention of hills, fences, trees, buildings, &c, will fre- 
quently interrupt the view of even the loftiest station poles 
that can be obtained ; and more especially so, when the main 
stations are at a great distance, which depends on the mag- 
nitude of the survey, and is sometimes as much as ten miles. 
In measuring these main-lines, every fence, road, stream, 
building, &c which is passed or crossed must be noted in the 
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field-book, the several crossings and bends being sketched 
therein, to the latter of which offsets must be taken. Stations 
must also be left on these main-lines, at convenient situations 
for taking the interior fences, &e., of the survey, and their dis- 
tances carefully noted in the field-book. From and to the sta- 
tions, thus left, or from and to points near them, secondary- 
lines must be run, as near the interior parts of the survey as 
possible, the crossings, offsets, and other remarks being made in 
the field-book, as already directed for the measurement of the 
main-lines. These secondary lines will accurately fit between 
the points from and to which they have been measured, when 
laid down on the plan ; thus forming a net work of small 
triangles within the four large triangles, into which the survey 
is divided by the six fundamental lines. This principle of proof 
is founded on the obvious property of triangles having a com- 
mon angle always fitting one within the another, the common 
angle of both being coincident. . The lines marked with the 
figures 1 to 6, represent the system in question, those without 
figures are the secondary lines. 




The main lines are numbered with the figures 1, 2, 3, &&, 
in small circjes, as the most convenient method of reference to 
the field-book : the secondary lines must have these numbers 
continued on them, for the same purpose, but this is not done 
in the diagram, to avoid confusing it. 
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It will be seen that the secondary lines m n, r s are prolonged 
beyond the system of main lines to give stability to the parts of 
the survey that protrudes beyond line 2. It will also be seen 
that the positions of several straight fences are determined by 
triple intersections of the main and secondary lines, or by 
direction points taken in them, as shewn in Prob. IX. 

In the author's practice, as a surveyor, he adopted this me- 
thod, in the survey of the Parish of Tillington, Sussex, with 
the exception of bringing one of the diagonals to one of the 
angles of the trapezium, which, of course terminated in one of 
the side lines; thus giving a system of lines equally perfect, the 
end of the diagonal being only a few chains from the angle ; 
there being a considerable practical difficulty in laying down 
this system of lines, where the ground is hilly and woody, as 
was the case on this occasion. 

2. The system of main lines adopted by the author in the 
survey of the Parish of Woolbedding, in the same county, was 
the following, 




the base line A B being about five miles in length. To this 
survey, it may be clearly seen that the Tithe Commissioners' 
system of lines would not be at all adapted; though some sur- 
veyors, in compliance with their orders, adopted their system, 
whatever might be the shape of the survey, thus wasting much 
valuable time, in running lines over grounds at a great dis- 
tance, in some parts, from the parish to be surveyed, and 
incurring the ridicule of both the scientific and the ignorant to 
boot. Such a course would evidently be required, in using 
their system in this survey : meanwhile a system of lines 
adapted to the shape of the survey, and constituting proof 
among themselves, as those shewn above do, are evidently the 
best. In this figure the interior fences and secondary lines of 
the survey are not drawn, as their great number, would confuse 
the student; the author's object being to present a proper system 
of fundamental lines for the survey in question. 
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3. The Pariah of Lodsworth, B 
in the same county, presents an- 
other variety of shape; in the 
survey of which, the author at 
first laid the system of funda- 
mental lines shewn in the an- 
nexed figure; which had been 
adopted, had he not, in the 
meanwhile, obtained the survey 
of the adjoining parish; both pa- 
rishes were, therefore, included 
in one survey. The base-line 
A B of this parish was nearly 
seven miles in length, its long, 
narrow, zig-zag shape completely 
setting aside the universal me- 
thod put forth by the Tithe 
Commission authorities ; who, 
however, did not insist on their 
methods being adhered to, as 
they approved of the author's 
maps as of the first class, in 
this and many other cases where 
their method was not adopted. 
But such was the obsequiousness 
or ignorance of the great ma- 
jority of surveyors that^ even in 
such incongruous cases as the 
one referred to, they persevered 
in the Tithe Office rule, in some n 
cases by joining together two, JT S - 
three, or four trapeziums, with^^ 
their diagonals, and sometimes 
by making the surveys after 
their own .methods, and then 
drawing on their maps, the sys- 
tem, or groups of the systems, 
in question, and making a field- 
book to correspond thereto; they 
were thus at liberty to project 
lines in any direction they chose, 
without the trouble of measuring 
them; and many have exultingly 
confessed they did so, after their maps had received the seal of 
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the Tithe Commissioners : but how far such behaviour is to be 
commended, I leave the reader to judge. 

Having given the student a great variety of examples, both 
in small and large surveys, it will now be proper to describe 
the drawing instruments, required in laying down extensive 
surveys, as well as the more perfect field instruments, required 
in railway and other engineering surveys ; which are often of 
a complicated character, as are also private surveys of wood- 
lands and mountainous districts. These subjects will be treated 
of in Chap. V., where the proper forms of the field books will 
be given, for extensive surveys of every description. 



CHAPTER IV. 
DRAWING & SURVEYING INSTRUMENTS. 

THE VERNIER SCALE. 

The nature of this scale will lie best understood 
from its construction. — To construct a vernier scale, 
which will enable us to take off a number to three 
places of figures: divide all the primary divisions into 
tenths, and number these subdivisions, 1, 2, 3, &c, 
from the left hand towards the right, throughout the 
whole extent of the scale. Then take off, with the 
compasses, eleven of these subdivisions, set the extent 
off backwards, from the end of the first primary 
division, and it will reach beyond the beginning of 
this division, or zero point, a distance equal to one of 
the subdivisions. Now divide the extent, thus Bet 
off, into ten equal parts, marking the divisions on the 
opposite side of the divided line to the strokes mark- 
ing the primary divisions and the subdivisions ; and 
number them 1, 2, 3, &c, backwards from right to 
left. Then, since the extent of eleven subdivisions 
has been divided into ten equal parts, so that these 
ten parts exceed by one subdivision the extent of ten 
subdivisions, each one of these equal parts, or, as it 
may be called, one division of the vernier scale, exceeds 
one of the subdivisions by a tenth part of a subdivi- 
sion, or a hundretn part of a primary division. In 
our figure the distances between the primary divisions 
are each one inch, consequently the distances between 
the subdivisions are each one-tenth of an inch, and 
the distances of the divisions on the vernier scale are 
each one-tenth and one-hundredth of an inch. 
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TO TAKE OFF A GIVEN NUMBER FROM THE VERNIER SCALE. 

Example 1. Let the given number be 253. 

Increase the first figure 2 by 1, making it 3; because the 
vernier scale commences at the end of the first primary division, 
and the primary divisions are measured from this point, and 
not from the zero point.* The first figure, thus increased, 
represents 35 of the subdivisions from the zero point, from 
which the third figure 3 must be subtracted, leaving 32, siace 
three divisions of the vernier scale will contain three of these 
subdivisions together with tbree-tentbs of a subdivision. Now 
place one point of the compasses upon the third division of the 
vernier scale, and extend the other point to the 32nd subdivi- 
sion, or the second division beyond the third primary division, 
and, laying down the distance between the points of the com- 
passes, it will represent 253, or 25 - 3, or 2 - 53, according as the 
"primary divisions are taken for hundredths, tens, or units. 

General Role. — To take any number to three places of 
figures from this vernier scale. — Increase the first figure by one ; 
snbtract the third figure from the second, borrowing one from 
the first increased figure, if necessary, and extend the com- 
passes from the division ugon the vernier scale indicated by the 
third figure, to the subdivision indicated by the number re- 
maining after performing the above subtraction. 

DIRECTIONS CONCERNING PLOTTING EXTENSIVE SURVEYS 
PROM THIS SCALE. 

'During the time necessarily occupied in plotting an extensive 
survey, the paper on which the work is drawn, i3 affected by 
the different states of humidity of the air, and the parts laid 
down from the same scale, at different times, will not exactly 
correspond, unless the scale has been first laid down on the 
paper itself, and all the distances of the survey have been 
taken from the scale so laid down, which will always be in the 
same state of expansion or contraction as the work on the 
plan. Therefore, for plotting an extensive survey, and accu- 
rately filling in the minutia;, a diagonal, or vernier scale may 
be advantageously laid upon the paper on which the plan is to 
be made. A%ernier scale is preferable to a diagonal scale, be- 
cause in the latter it is extremely difficult to draw the diagonals 
with accuracy, and we have no check upon its errors; while in 
the former, the uniform manner in which the strokes of one 
scale separate from those of the other, is strong evidence of the 
truth of both. 

* If the vernier scale were placed to the left of the zero point, a distance leas 
than one- primary division could cot always be found upon the scale. 
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THE BEAM COMPASSES. 




The above engraving represents the instrument, which con- 
sists of a beam A A, of any length required, generally made of 
well-seasoned mahogany. Upon its face is inlaid throughout its 
whole length, a slip of holly or boxwood a a, on which are 
engraved the divisions or scale, either in feet and decimals or 
inches and decimals, or such parts of either as may be required.* 
Those made for the use of the Ordnance survey of Ireland, 
were divided to a scale of chains, 80 of which occupied a 
length of six inches, which, therefore, represented one mile, 
six inches to the mile being the scale on which that important 
survey is plotted ; the present survey of the metropolis being 
plotted to a scale of 60 inches to a mile.* Two brass boxes B 
and C are adapted to the beam ; of which the latter may be 
moved, by sliding to any part of its length, and its position 
fixed by tightening the clamp screw E. Connected with the 
brass boxes are the points of the instrument G and H, which 
may be made to have any extent of opening by sliding the box 
C along the beam, the other box B being firmly fixed at one 
extremity of the beam. The object to be attained by this 
instrument is the nice adjustment of the points 6, H to any 
definite distance apart. This is accomplished by two verniers, 
or reading places 6, c each fixed at the side of an opening in 
the brass boxes, to which they are attached, and affording the 
means of minutely subdividing the principal divisions aa on the 
beam, which appear through these openings. D is a clamp 
screw for a similar purpose to the screw E, that is, to fix the box 
B, and prevent motion in the point it carries after adjustment. 
F is a slow motion,'by which the point G may be moved any 
minute quantity for perfecting the setting of the instrument, 
after it has been otherwise set, as nearly as possible, by the 
hand alone. 

• The first class parish maps of the Tithe Commission flnrvoy are to ft scnlo 
of three chains to one inch, or one mile to 26$ inches. Plans of private estates 
are to various scales, hut chiefly varying from 5 to 12 chains to an inch, the 
smaller scales being chiefly adopted where the estates are large, that, the plana 
may be of a convenient size. 



MIAWING AND SURVEY 1M O INSTRUMENTS. 65 

The method of setting the instrument may be understood 
from the above description of its parts, in conjunction with the 
following explanation of the method of examining and correct- 
ing the adjustment of the vernier b, which like all other me- 
chanical adjustments, will occasionally become deranged. This 
verification must be performed by means of a detached- scale. 
Suppose, for example, that the beam compass is divided into feet, 
inches, and tenths, and subdivided by the vernier into hundredths, 
&c. First set the zero division of the vernier to the zero of the 
principal divisions on the beam, by means of the slow motion 
screw F. This must be done with great care. Then slide the 
box C, with its point H, till the zero on. the vernier C exactly 
coincides with any principal division on the beam, as 12 or 6 
inches. To enable us to do this with extreme accuracy, some su- 
perior kinds of beam compasses have the box C also furnished 
with a tangent or slow motion screw, by which the setting of the 
points of division may be performed with the utmost precision. 
Lastly, apply the points to a similar detached scale, and, if the 
adjustment be perfect, the interval of the points G, H will 
measure on it the distance to which they were set on tbe beam. 
If they do not by ever so small a quantity, the adjustment 
should be corrected, by. turning the screw F, till the points 
exactly measure that on the detached scale j then, by loosening 
the little screws which hold the vernier b in its place, the posi- 
tion of the vernier may be gradually changed, till its zero coin- 
cides with the zero on the beam; and, the screws being now 
tightened, the adjustment will be complete. 

THE PANTAGRAPH. 
The pantagraph, used for reducing or enlarging maps, con- 
sists of four brass bars A B, AC, OF, and F E : the two 
longer bars A B, A C are connected by a moveable joint at A: 
the two shorter bars are connected in like manner with each 
other at F, and with the longer bars at D and E, and, being 
equal in length to the portions AD, A £ of the longer bars, 
form with them an accurate parallelogram A D F E, in every 
position of the instrument. Several ivory castors support the 
machine parallel to the paper, and allow it to move freely over 
it in all directions. The arms AB and DF are graduated and 
marked &c., and have each a sliding index which can be 
fixed to any of the divisions by a miiled-headed clamping 
screw, seen in the engraving. The sliding indices have each 
of them a tube, adapted either to slide on a pin, rising from a 
heavy circular weight called the fulcrum, or to receive a sliding 
holder with a pencil or pen, or a blunt tracing point, as may be 
required. 
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When the instrument is correctly set, the tracing point, 
pencil, and fulcrum will be in one straight line, as shewn by 
the dotted line in the figure. The motions of the tracing point 
and pencil are then each compounded of two circular motions, 
one about the fulcrum, and the other about the joints at the 
enda of the bars, upon which they are respectively placed. 
The radii of these motions form sides about equal angles of two 
similar triangles, of which the doted right line B C, passing 
through the tracing point, pencil, and fulcrum, forms one side : 
hence the distances passed over by the tracing point and pencil, 
in consequence of either of these motions, have the same ratio, 
and, therefore, the distances passed over in consequence of the 
combination of the two motions, have also the same ratio, which 
is that indicated by the setting of the instrument. 

The engraving represents the pantagraph in the act of re- 
ducing a map to the scale of half the original. For this pur- 
pose the sliding indices are first clamped at the divisions on the 
arms, marked ^; the tracing point is then fixed in the Bocket at 
C, over the original map ; the pencil is next placed in the tube 
of the sliding index, on the bar D F, over the paper to receive 
the copy; and the fulcrum to that at B, on the bar A B. The 
machine being now ready for use, if the tracing point C be 
passed delicately and steadily over every line of the map, a true 
copy, but of one half of the scale of the original, will be marked 
by the pencil on the paper beneath it. The fine thread repre- 
sented as passing from the pencil quite round the instrument 
to the tracing point C, enables the draughtsman at the tracing 
point to raise the pencil from the paper while he passes the 
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tracer from one part of the original to another, and thus to 
prevent false lines to be made on the copy. The pencil holder 
is surmounted by a cup, into which sand or shot may be put, 
to press the pencil more heavily on the paper, when found 
necessary. 

If the object were to enlarge the map to double its scale, 
then the tracer must be placed on the arm D F, and the pencil 
at C ; and, if a copy were required of the same scale as the 
original, then, the sliding indices still remaining at the same 
divisions on DF and A B, the fulcrum must take the middle 
station, and the pencil and tracing point those on the exterior 
bars A 13, A C of the instrument. 

Though the pantagraph affords the most rapid means of re- 
ducing a map or drawing, we cannot recommend its use for 
enlarging a copy, or even for copying on the same scale, espe- 
cially when the original drawing is a complicated one ; we 
therefore proceed to mention some of the other means for the 
attainment of the two latter -objects. 

To produce a copy of the same size as the original. — Lay a 
sheet of tracing paper, having its under side rubbed over with 
powdered black lead, upon the paper intended to receive the 
copy; the original being then placed over both, the whole may 
be made to lay steadily by weights placed thereon : the tracing 
.point may now be carefully passed over all the lines of the 
drawing, with a pressure proportionate to the thickness of the 
paper; and the paper beneath will receive corresponding marks, 
forming an exact copy, which is afterwards to he inked in. 

Note. Copies of maps are also taken for ordinary purposes by laying tracing 
paper thereon, through which, from its almost transparent thinness, all the 
lines of tho original can be seen, and readily traced with ink, on the tracing 
paper. Copies, thus obtained, are called tracings. 

Another method. — The drawing or map is placed on a large 
sheet of plate-glaas, called a copying glass, and the paper to re- 
ceive the copy placed over the drawing. The glass is then 
fixed in such a position as to have a strong light to fall upon it 
from behind, and to shine through it and both the original 
drawing and the paper to receive the copy. By this means the 
lines of the original drawing become visible through the paper 
to receive the copy, which can be made with precision and ease, 
without any risk of soiling or injuring the original. 

To copy with exactness on a reduced or enlarged scale. — For 
this purpose we have recourse to the method of squares, by 
which the most minute details may be copied with accuracy. 
This perhaps may be best shown by an example. Let figure 
1, in the annexed engraving represent a plan of an estate, which 
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it is required to copy upon a reduced scale of one half. The 
copy will therefore be half the length and half the breadth, and 
consequently will occupy but one fourth the space of the ori- 
ginal. The subject 13 the map of an estate, but the process 
would be precisely the same, if it were an architectural, me- 
chanical, or any other drawing. 




Draw the Hues PI, F G at right angles to each other; from 
the point F towards I and G, set off any number of equal parts, 
as Fa, a b, be, &c, on the line FI, and ¥i, ik, kl, &c, on the 
line F G : from the points in the line F I, draw lines parallel 
to the other line F G, as aa, bb, cc, &c, and from the points 
on F G, draw lines parallel to F I, as i i, k k , 1 1, &c, which 
being sufficiently extended towards I and G, the whole of the 
original drawing will be covered with a reticule of small but 
equal squares. Next draw upon the paper intended for the 
copy, a similar set of squares, but having each side only one- 
half the length of the former, as is represented in figure 2. It 
will now be evident that if the lines AB, BC, CD, &c, figure 1, 
be drawn in the corresponding squares in figure 2, a correct 
copy of the original will be produced, and of half the original 
scale. Commencing then at A, observe where in the original 
the angle A falls, which is towards the bottom of the square, 
marked de. In the corresponding square, therefore, of the 
copy, and in the same proportion towards the left-hand side of 
it, place the same point in the copy: from thence tracing where 
*he curved line A V crosses the bottom line of that square, 
which crossing is about two-fifths of the width of the square 
from the left hand corner towards the right, and cross it simi- 
larly in the copy. Again, as it crosses the right hand bottom 
corner in the second square below d e, describe it so in the 
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copy; find the position of the point3 similarly where it crosses 
the lines jf and gg, ahove the line 11, by comparing the dis- 
tances of such crossings from the nearest corner of a square in 
the original, and similarly marking the required crossings on the 
corresponding lines on the copy. Lastly, determine the place 
of the point B, in the third square below g A on the top line ; 
and a line drawn from A in the copy, through these several 
points to B, will be a correct reduced copy of the original line. 
Proceed in like manner with every other line on the plan, and 
its various details, and you will have the plot or drawing laid 
down to a email scale, yet bearing all the proportions in itself 
exactly as the original. 

It may appear almost superfluous to remark, that the process 
of enlarging drawings, by means of squares, is a similar opera- 
tion to the above, excepting that the points are to be determined 
on the smaller squares of the original, and transferred to the 
larger squares of the copy. The process of enlarging, under 
any circumstances, does not, however, admit of the same accu- 
racy as reducing. 

THE PRISMATIC COMPASS. 

With this instrument horizontal angles can be observed with 
great rapidity, and, when used with a tripod stand, with a con- 
siderable degree of accuracy ; it is, therefore, a useful instru- 
ment for filling in the details of an extensive survey, after the 
principal points have been laid down by means of observations 
made with the theodolite, hereafter to be described. It was 
used for this purpose by the gentlemen engaged in making the 
Ordinance surveys. 




C is a compass card, divided usually to every 2Cf, or third 
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part of a degree, and having attached to its nnder side a mag- 
netic needle ; « is a spring, which, being touched by the finger, 
acts upon the card and checks its vibrations, so as to bring' it 
sooner to rest, when making an observation. S is the sight 
vane, having a fine thread stretched along its opening, which is 
to cut the point to be observed by the instrument. The sight 
vane is mounted upon a hinge joint, so that it can be turned 
down flat in the box, when not in use. P is the prism, attached 
to a plate sliding in a socket, and thus admitting of being 
raised or lowered at pleasure, and also supplied with a hinge 
joint, so that it can also be turned down into the box, when not 
in use. In the plate to which the prism is attached, and which 
projects beyond the prism, is a narrow slit, forming the sight 
through which the vision is directed, when making an observa- 
tion. On looking through the slit, and raising or lowering 
the prism in its socket, distinct vision of the divisions on the 
compass card, immediately under the sight-vane, is soon ob- 
tained; and these divisions, seen through the prism, all appear, 
as each is successively brought into coincidence with the thread 
of the sight-vane by turning the instrument round, as continu- 
ations of the thread, which is seen distinctly through the part 
of the Blit that projects beyond the prism. 

The method of using the instrument is as follows: — the 
sight-vane S, and the prism P, being turned up on their binge 
joints, as represented in the figure, hold the instrument as 
nearly in a horizontal position as you can judge, or, if a tripod 
stand be used, set it as nearly as yon can in a horizontal posi- 
tion by moving the legs of the stand, that thence the card may 
play freely. Raise the prism in its socket till the divisions on 
the card are seen distinctly through it, and, turning the instru- 
ment round, until the object to be observed is seen through the 
portion of the slit projecting beyond the prism, in exact coin- 
cidence with the thread of the sight-vane, bring the card to 
rest by touching the spring n; and then reading at the division 
upon the card, which appears in coincidence with the pro- 
longation of the thread, gives the magnetic azimuth or bearing 
of the object observed, or the angle which a straight line, 
drawn frormthe eye to the object, makes with the magnetic 
meridian,* The magnetic azimuth of a second object being 
* The magnetic meridian now makes an angle of 24° with the true meridian 
at London, the north point of the compass being 24° west of the true north 
point. This angle is called the variation of the compass, and is different at 
different places, and also at the name place at different times. Since this varia- 
tion will affect equally, or nearly so, all azimuths observed within a limited 
extent, and daring a limited time, the angles subtended by any two of the 
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obtained in the same manner, the difference between these two 
azimuths is the angle subtended by the objects at the place of 
the eye, and is quite independent of the error in the azimuths, 
arising from the slit in the prism not being diametrically oppo- 
site to tho thread of the sight-vane. 

For the purpose of taking the bearings of objects much 
above or below the level of the observer, a mirror E is supplied 
with the instrument, which slides on and off the sight-vane S, 
with sufficient friction to remain at any part of the vane that 
ma; be desired. It can be put with its face either upwards or 
downwards, so as to reflect the images of objects considerably 
above or below the horizontal plane of the eye of the observer. 
If the instrument be used for obtaining the magnetic azimuth 
of the sun, the dark glasses D must be interposed between the 
sun's image and the eye. 

There is a stop in the side of the box, not shewn in the 
figure, by touching which a little lever is raised and the card 
thrown off its centre; as it always should be, when not in use, 
or the constant playing of the needle would wear the fine agate 
point, on which it is balanced, and the sensibility of the instru- 
ment would be thereby impaired. The sight-vane and prism 
being turned down, a cover fits on the box, which is about 
three inches diameter, and one deep; and the whole being 
packed in a leather-case, may be carried in the pocket without 
inconvenience. 

THE BOX SEXTANT. 

This instrument, which is equally portable with the prisma- 
tic compass, forming, when shut up, a hox about three inches 
in diameter, and an inch and a half deep, will measure the 




objects observed, being the difference of their azimuths, will not he affected bv 
the variation; and hence the map or plan may be constructed with all the 
objects in their proper relative positions! bnt the trne meridian must be first 
laid down on the map, if required, by making allowance for the variation. 
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actual angle between aay two objects to a single minute. It 
requires no support but the band, is easily adjusted, and, when 
once adjusted, seldom requires re-adjusting. 

When the Sextant is to be used, the lid E of the box, is 
taken off and screwed to the bottom, where it makes a conveni- 
ent handle for holding the instrument ; the telescope T, being 
then drawn out, the instrument appears aB shewn in the figure 
A is an index arm, having at its extremity a vernier, of which 
30 divisions coincide with 29 divisions on the graduated limb 
11. and the divided spaces on the limb denote each 30 minutes, 
or half a degree, the angles observed being read off by means 
of the vernier to a single minute. The index is moved by turn- 
ing the milled head B, which acts upon a rack and pinion with- 
in the box. To the index arm is attached a mirror, called the 
index glass, which moves with the index arm, and is firmly 
fixed npon it by the maker, so as to have its plane accurately 
perpendicular to the plane in which the motion of the index 
arm takes place, and which is called the plane of the instru- 
ment ; this plane is evidently the same as the plane of the face 
of the instrument, or of the graduated limb 1 1. In the line of 
sight of the telescope is placed a second glass, called the 
horizon glass, having half its surface silvered, and which must 
be adjusted that its plane may be perpendicular to the plane of 
the instrument, and parallel to the plane of the index glass, 
when the index is at zero. The instrument is provided with 
two dark glasses, which can be raised or lowered by the little 
levers seen at d, so as to be interposed, when necessary, between 
the mirrors and any object too bright to be otherwise conveni- 
ently observed, as objects in the direction of the sun. The eye 
end of the telescope is also furnished with a dark glass, to be 
used when necessary. 

To see if the instrument be in perfect adjustment. — Place the 
dark glass before the eye-end of the telescope, and looking at 
the sun, and moving the index backwards and forwards a little 
distance on either side of zero, the Bun's reflected image will 
be seen to pass over the disc, as seen directly through the 
horizon glass, and if in its passage the reflected image com- 
pletely covers the direct image, so that one perfect orb is seen, 
the horizon glass is perpendicular to the plane of the instru- 
ment : but, if not, the screw at a must be turned by the key k 
till such is the case. The key k fits the square heads of both 
the screws seen at a and b, and fits into a spare part of the face 
of the instrument, so as to be at hand when wanted. This ad- 
justment being perfected, bring the reflected image of the sun's 
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lower limb in exact contact with the direct image of his upper 
limb, and note the reading of the vernier; then move the index 
back beyond the zero division of the limb, till the reflected 
image of. the sun's upper limb is in exact contact with the 
direct image of hia lower limb, and, if the zero of the vernier be 
now exactly as far behind the zero of the limb, as it was nt 
the former reading in front of it, the instrument is in perfect 
adjustment; but, if not, half the difference is the amount of 
error, which must be corrected by applying the key k to the 
screw at b, and turning it gently till both readings are alike, 
each being made equal to half the sum of the two readings first 
obtained. When this adjustment is perfected, if the zeros of the 
vernier and limb are also made exactly to coincide, the reflected 
and direct image of the sun will exactly coincide, so as to form 
but one perfect orb, and the reflected and direct image of any 
line, sufficiently distant not to be affected by parallax, as the 
distant horizon, or the top or end of a wall, more than a half a 
mile distant, will coincide so as to form one unbroken line. 

To obtain the angle subtended by two objects in, or nearly in, 
the same horizontal plane, — Hold the sextant in the left hand, 
and bring the reflected image of the right hand object into coinci- 
dence with the direct image of the left hand object, and the read- 
ing of the instrument will give the angle between the two objects. 

To obtain the angle subtended by two objects in, or nearly in, 
the same vertical plane. — Hold the instrument in the right 
hand, an* bring down the reflected image of the upper object 
by turning the milled head B, till it exactly coincides with the 
direct image of the lower object, and the reading of the instru- 
ment will give the angle between the two objects. 

It will be seldom that the surveyor need pay any attention to 
the small error arising from parallax, but, should great accuracy 
be desirable, and one of the objects be distant while the other 
is near, the parallax will be elliminated by observing the dis- 
tant object by reflection, and the near one by direct vision, 
holding the instrument for this purpose with its face downwards, 
if the distant object be on the left hand. If both objects be 
neor, the reflected image of a distant object, in a direct line 
with one of the objects, must be brought into coincidence with 
the direct image of the other object, and the parallax will thus 
be elliminated. 

For the purposes of surveying, the horizontal angles between 
objects are chiefly required, and the reduction of these angles 
from the actual oblique angles subtended by the objects, would 
be a troublesome process. If the angle subtended by two 
objects be large, and one be not much higher than the other, 
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the actual aDgle observed will, however, be a sufficiently Dear 
approximation to the horizontal angle required ; and if the 
angle between the two objects be small, the horizontal angle 
may be obtained, with sufficient accuracy, by taking the dif- 
ference of the angles observed between each of the objects, and 
n third object at a considerable angular distance from them. 
"With a little practice the eye will be able to select an object in 
the same direction as one of the objects, and nearly on a level 
with the other object, and the angle between this object and the 
ohjeot selected will be the horizontal angle required. 

For laying off long offsets, or perpendicular distances from a 
station line. — The pocket sextant is a most convenient instru- 
ment for this purpose : for by setting the index to 90°, and 
walking along the station line, looking through the horizon 
glass directly at the further station staff, or any other remarka- 
ble object on the station line, any object off the station line will 
be seen by reflection, when the observer arrives at the point 
where the perpendicular falls from this object upon the station 
line, and the distance from this point to the object, being mea- 
sured, is itB perpendicular distance from the station line. 
THE OPTICAL SQUARE. 
For the purpose of measuring long offsets and perpendiculars, 
this instrument is now very generally used, which consists of 
the twq glasses of the sextant fixed permanently at an angle of 
45°, so that any two objects seen in it, the one by direct vision 
and the other by reflection, subtend at the place of the observer 
an angle of 90". 

THE THEODOLITE. 

The theodolite is the most important instrument used by 
surveyors, and measures at the same time both the horizontal 
angles between two objects observed with it, and the angles of 
elevation of these points from the point of observation. 

The instrument may be considered to consist of three parts ; 
the vertical limb for measuring vertical angles, the horizontal 
limb for measuring horizontal angles, and the parallel plates, in 
the lower of which is a female screw, adapted to the staff-bead, 
which is connected by brass joints with three mahogany legs, 
so constructed as to shut together and form one round staff, a 
very convenient form for portability, and, when opened out, to 
make a firm stand, be the ground ever so uneven. 

The horizontal limb is composed of two circular plates L and 
V, which fit accurately one upon the other. The lower plate 
projects beyond the other, and its projecting edge is sloped offi 
and graduated at every half-degree. The upper plate is called 
the vernier plate, and has portipns of its edge sloped off, so as 
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to form with the sloped edge of the lower plate continued por- 
tions of the snme conical surface. These sloped portions of the 
upper plute lire graduated to form the verniers, by which tho 
limb is subdivided to minutes. Tho five-inch theodolite, repre- 
sented in the figure, ha9 two such verniers ISO 3 apart. The 
lower plate of the horizontal limb is attached to a conical axis 
passing through the upper parallel plate, and terminating in a 
bull fittinfr in n, socket, upon tho lower purallel plute. This 
nxia is hollowed to receive a similar conical axis, ground ac- 
curately to fit if, so that the axis of the two cones may he 
exactly coincident. To tho internal axis, tho upper, or vernier 
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plate of the horizontal limb is attached, and thus, while the 
whole limb can be moved through any horizontal angle re- 
quired, the upper plate only can also be moved through any 
desired angle, when the lower plate is fixed by means of the 
clamping screw C, which tightens the collar D. T is a slow- 
motion screw, which moves the whole limb through a small 
space, to adjust it more perfectly, after tightening the collar D 
by the clamping screw C. There is also a clamping screw c 
for fixing the upper plate to the lower, and a tangent screw t, 
for giving the upper plate a slow motion upon the lower, when 
so clamped. Two Bpirit levels B, B are placed upon the 
horizontal limb, at right angles to each other, and a compass 
G is also placed upon it, in the centre between the supports 
F F of the vertical limb. 

The vertical limb N, N is graduated on one side at every 
3(y minutes, each way from 0 to 90°, and subdivided by the 
vernier, which is fixed to the compass box, to single minutes. 
Upon the other side are engraved the number of lints to be 
deducted from each chain, for various angles of inclination, in 
order to reduce distances measured on ground rising or falling 
at these angles, to the corresponding horizontal distances. The 
axis A of this limb must rest in a position truly parallel to the 
horizontal limb, upon the supports F F, so as to be horizontal 
when the horizontal limb is set truly level, and the plane of the 
limb N N must now he perpendicular to its axis. On the top 
of the vertical limb N N is attached a bar that carries two Ys 
(so called from their shape), for supporting the telescope, which 
is secured by two clips c, d; and underneath the telescope is a 
spirit level * s, attached to it at one end by a joint, and at the 
other by a capstan-headed screw. The horizontal axis A can 
be fixed by a clamping screw C; and the vertical limb can then 
be moved through a small space by the slow-motion screw t. 

Before commencing observations with this instrument, the 
following adjustments must be attended to: — 

1. Adjustments of ike telescope for parallax and collimation. 

2. Adjustments of the horizontal limb for setting the levels on 
the horizontal limb to indicate the verticality of its axis. 

3. Adjustment of the vertical limb for setting the level be- 
neath the telescope to indicate the horizontality of the' tine of 
collimation. 

1. Parallax and collimation. Move the object-glass o by the 
screw M, and the eye-glass E with the hand, till distant objects 
and the cross wires within the telescope, appear clearly de- 
fined; and the adjustment for parallax will he completed. 
Next, direct the telescope to some well-defined object at a 
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great distance; and Bee that the intersection of the cross wires 
cut it accurately; then loose the clips c, d, that confine the 
telescope in the Ys, and turn it round on its axis, observing 
whether the centre of the wires still continue to cut the object, 
during the whole revolution. If it does, it is in adjustment; it' 
not, the line of collimation, or optical axis of the instrument, 
is not in the line joining the centres of the eye and object- 
glasses. To correct this error, turn the telescope on its axis, 
and by means of the four conjugate screws a, a, &c, that move 
the cross wires, correct for half the error, alternately loosing 
one screw and tightening its opposite one, till the cross wires 
cut the same point of the distant object^ during an entire revo- 
lution of the telescope round its axis. 

2. Adjustment of the horizontal limb. — Set the instrument 
up as level as you can by the eye, by moving the legs of the 
stand. Tighten the collar D by the clamping screw C, and, 
unclamping the vernier plate, turn it round till the telescope is 
directly over two of the parallel plate screws. Bring the bubble 
b of the level ss, beneath the telescope, to the centre of its run, 
by turning the tangent screw i. Turn the vernier plate hall 
round, bringing the telescope again over the same pair of pa- 
rallel plate screws ; and, if the bubble of the level be not still 
in the centre of its run, bring it back to the centre, half-way 
by turning the parallel plate screws, over which it is placed, 
and half-way by turning the tangent screw t. Repeat this 
operation till the bubble remains accurately in the centre of its 
run, in both positions of the telescope; and, then turuing the 
vernier plate round till the telescope i3 over the other pair of 
parallel plate screws, bring the bubble again to the centre of its 
run by these screws. The bubble will now retain its position 
while the vernier plate is turned completely round, shewing that 
the internal axis, about which it turns, is completely vertical. 
The bubbles of the levels on the vernier plate being now, there- 
fore, brought to the centres of their tubes, will be adjusted, and 
also shew the axis to be vertical. Now, having clamped the 
vernier plate, loosen the collar D by turning back the screw C, 
and move the instrument slowly round on the external axis, 
and, if the bubble of the level ss maintain its position during 
a complete revolution, the external and internal axes are coin- 
cident, both being vertical at the same time ; but, if the bubble 
does not maintain its position, it shews that the two parts of the 
axis have been inaccurately fitted, and the fault can only be 
remedied by the instrument-maker. 

3. Adjustment of the vertical limb, — The bubble of the level 
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ss being in the centre of its tube, reverse the telescope end for 
end in the Ys, and, if tbe bubble does not remain in the same 
position, correct for one half of the error by means of the 
capstan-headed screw at the end of the level, and for the other 
half by the vertical tangent screw i. Repeat the operation till 
the result is perfectly satisfactory. Next turn the telescopy 
round a little both to the right and to the left, nnd, if the 
bubble does not remain in tbe centre of its run, the level is 
must be adjusted laterally by the screw at the other end. This 
adjustment will probably disturb the first, and the whole ope- 
ration must be carefully repeated. By means of the small screw, 
fastening the vernier of the vertical limb to the vernier plate 
over the compass-box, set the zero of the vernier to the zero of 
the limb, and the vertical limb will be in perfect adjustment. 

Note. The adjustments of the theodolite here given are essentially the same 
as thoao given by Heather, in his 'Treatise on Mathematical Instruments,' 
as being adapted to the pinto of the instrument, which is taken from his work, 
though I prefer the concise methods, I have given at page 318 of my Addition* 
to the ninth edition of ' Neabit'a Surveying.' 

TO TAKE A HORIZONTAL ANGLE WITH THE THEODOLITE. 

The theodolite being assumed to be in proper adjustment, the 
bubbles in the two levels B B, by a proper opening of the -legs 
of tbe instrument should he made nearly central, and the 
plummet suspended beneath it should also hang over the sta- 
tion at which the angle is to be taken: then unclamp the 
whole instrument by means of the screw C, keeping the other 
motions clamped, and set the horizontal limb level, as already 
shewn in tbe first adjustment. Now clamp the whole instru- 
ment and unclamp the vernier plate ; set the arrow of the 
vernier to 360°,' or zero, on the lower plate, adjusting the points 
carefully by the microscope m, and the adjusting screw t, 
Again unclamp the whole instrument, turning it to the left of 
the two stations, between which the angle is to be taken, till 
tbe centre of the cross wires in the telescope cut the pole, flag, 
or other object in the 'station j then clamp the screw C, and by 
gently turning the screw T, the most perfect accuracy may be 
secured. Next unclamp the vernier plate" and turn it round till 
the cross wires cut the object at the second station ; then clamp 
and adjust the vernier plate, as before, and, having obtained 
perfect accuracy, read off the angle by means of the vernier 
with the microscope m. Lastly, read off the angle, in the same 
way, with the other vernier, and the mean, or half sum, of the 
the two angles will be the correct angle. 
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TO TAKE A VERTICAL ANGLE. 

Having set the instrument level, as already explained, ob- 
serve at the same time whether the zero of the vertical limb 
coincides with that of its vernier, by the microscope attached 
thereto. These points being found coincident, raise or depress 
the telescope, till its optical axis, or cross wires, cut the object 
required; then clamp, and adjust till perfect accuracy bo ob- 
tained, when the angle may.be read oft; which will be an angle 
of depression, if the arrow of the vernier be between the zero 
of the vertical circle and the object glass of the telescope ; 
otherwise an angle of elevation. 

THE CIRCULAR PROTRACTOR. 

This instrument is a complete circle A A, connected with its 
centre by four radii a, a, a, a, The centre is left open and 
surrounded by a concentric ring, or collar, b, which carries two 
radial bars c c. At the extremity of one bar is a pinion d, 
working in a toothed rack quite round the outer circumference 
of the protractor. To the opposite extremity of the other bar 
is fixed a vernier, which subdivides the primary divisions on 




the protractor to single minutes, and by estimation to 30 
seconds. This vernier, as may be readily seen from the en- 
graving, is carried round the protractor by turning the pinion 
d. Upon each radial bar c, c is placed a branch e, c, each 
branch carrying at its extremity a fine steel pricker, whose 
points are kept* above the surface of the paper by springs 
placed under their supports, which give way when the branches 
are pressed downwards, and allow the points to maks the ne- 
cessary puncture on the paper. The branches e, e are attached 
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to the bars c, c witb a joint, which admits of their being folded 
backwards over the instrument, when not in use, and for 
packing in ita case. The centre of the Instrument is repre- 
sented by the intersection of two lines, drawn at right angles 
to each other, on a piece of plate glass, which enables the person 
using it to place it so that the centre, or intersection of the 
cross lines, may coincide with any given point on the plan. 
If' the instrument is in correct order, a line connecting the 
fine pricking points with each other would pass through the 
centre of the instrument, as shewn by the intersection of the 
cross lines on the glass ; which it may be observed, are drawn 
so nearly level with the under surface of the instrument as to 
do away witb any serious amount of parallax, when setting the 
instrument over a point, from which any regular lines are to be 
drawn. In UBing this protractor the vernier should first be set 
to zero, or the division marked 360, on the divided limb, and 
then placed on the paper, so that the fine steel points may be 
on the given line, from whence the angular lines are to be 
drawn, and that the centre of the instrument may coincide with 
the given angular point in the same line. This done, press the 
protractor gently down, which will fix it in position by means 
of very fine points on its under side. It is now ready to lay off 
the given angle, or any number of angles, that may be required 
from the given point, which is done by turning the pinion d till 
the opposite vernier reads the required angle. Then press the 
branches ee gently down, and they will cause their points to 
make the punctures in the paper, at opposite sides of the circle; 
which being afterwards connected, the line will pass through 
the given angular point, if the instrument was first correctly 
set. In this manner, at one setting of the instrument, any pro- 
posed number of angles may be laid off from the same point. 

PLANNING EXTENSIVE SURVEYS, IMPROVED 
FORM OF THE FIELD BOOK, &c 

GENERAL DIRECTIONS FOR PLANNING EXTENSIVE SDRVET8. 
Provide a sheet of paper, mounted on canvass of the proper 
size to contain the survey. Thi3 may' be easily ascertained 
from the lengths of the longest lines in the survey, and the 
scale to which it is intended to be laid down. Draw the first 
line with the proper bearing, which may bo determined by the 
compass of the theodolite, making proper allowance for the vari- 
ation, as already noticed in the description of surveying instru- 
ments. If the survey has been made by the chain only, the bear- 
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ing may be found by a common pocket compass, or by tying aline 
to tbe first or base line in the direction of the sun at 12 o'clock. 

If the first or base line be a very long one, a straight-edge 
should be provided of equal length, for repeatedly splicing the 
line, as it is termed, with a short straight-edge will almost in- 
variably throw it out of the right direction, and if the first line 
be longer than any straight-edge that can he procured, (the 
author has bad lines in maps of his surveys nearly 20 feet in 
length), in this case, stretch a strong silken thread in the pro- 
per direction of the line, and carefully puncture the drawing 
paper in several places, in the exact direction of the thread, the 
line may then he correctly drawn, with a short Btraight-edge, 
from one point or puncture to another. 

The first line being laid down, by one or other of these 
methods, the stations, crossings, he, marked thereon, take 
separately, (in the beam-compasses if the extent of survey re- 
quire them), the second and third lines, or any other two con- 
venient lines that form a triangle with the line already laid 
down, and, from the proper stations as centres, describe ares 
intersecting each other ; thus giving the position of the first 
triangle, which must now be proved by drawing one or more 
of the secondary lines from their proper stations therein. In 
the same manner proceed with the other triangles, formed on 
the first and other lines, till all the lines are laid down. 

If the surveys have been made with the help of an angular 
instrument, as the theodolite, &c., the angles must be laid oh* 
at their proper stations, proving the work as it proceeds. 

It may hero be proper to observe, that in extensive surveys, 
the lines measured each clay must be laid down, and proved at 
night, that any error that may have occurred may be cor- 
rected before the work has proceeded too far ; otherwise the 
correction will involve greater trouble. — The lines of the survey 
being thus kid down, all the fences, roads, footpaths, rivers, 
brooks, pond9, bridges, towns, villages, and detached buildings 
of every kind, as well as every remakable object, must next be 
laid down in pencil, and the fences and outlines of buildings, 
roads, rivers, &c, drawn with Indian ink ; thus finishing what 
is called the rough plan. 

mr. rodiiam's improved form of the field book. 

As an example for practice, a plan with the form of the 
field book, as given by the late Mr. Rodham, of Richmond, 
Yorkshire, is presented in the plate facing page 82. This 
form of the field book was first published by Dr. Hutton, above 
50 years ago, was then generally adopted, and has not since 
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been materially improved ; the fences and other objects in the 
survey being sketched therein, on the right and left of the 
chain line. The author has here departed from the original 
farm by numbering the lines, as being more convenient for re- 
ference in large surveys than the method of numbering the 
Btations or marking them with the letters of the alphabet, as 
recommended by Mr. Rodham. 

In the plan referred to, the first line, No. 1, commences at a 
station in the turnpike road, near N. W. wing wall of the 
bridge crossing the river Ouse, and is ranged in a north- 
westerly direction, and so as just to avoid the wood, No. 1 ; the 
numbers of this and the other lines being placed in small circles 
on the lines, to prevent their being mistaken for the numbers 
of the fields and other enclosures, the same numbers being also 
placed on the left of the station lines in the field book. Sta- 
tions are left in line 1 at 250, 1260, 1890, 2335, 2875, 3720, 
and 4700 links for secondary lines on the right and left of it : 
this line, having crossed seven fences as Bhewn in the field 
book, terminates, in the northern boundary fence of the estate 
at 4726 links: it will also be seen that the direction of the 
straight fence on the south of the orchard and homestead, 
No. 11 is taken, on the left of this line, at 1424 links. The 
stations referred to, which are afterwards used in the survey, 
are put down on the right of the station line in the field book, 
opposite their respective distances ; although they might with 
equal propriety be put immediately above their respective dis- 
tances in the station line. Some surveyors prefer this latter 
method, as the stations do not thus interfere with the space 
allotted to the offsets on the right of the line : the student is, 
therefore, at liberty to adopt which method he chooses. 

Line 2 commences outside the north-western angle of the 
estate, crosses the boundary at 24, runs through the station at 
4700 in line 1, and terminates at the eastern fence of the turn- 
pike road, stations being left therein at 2360 and 3184, and 
offsets taken therefrom to the northern boundary fence of the 
estate, which fence is sketched in the field book. 

Line 3 begins from 0 at 3184 in line 2, turning to the right 
thereof. This beginning of line 3 is thus marked in the field 
hook: — "from 0 at 3184 r ," the symbol r denoting that line 3 
turns to the right of line 2, the symbol -| being used when the 
line turns to the left. This line runs near the turnpike road, for 
a considerable distance, the two fences of which are taken there- 
from by double offsets, as shewn in the field hook; and, after 
crossing the occupation-road between fields 8 and 9, meets the 
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0 at 1260 in line 1, the direction of the straight fence between 
fields 4 and 8 being taken by a short tie line, as shewn in 
Prob. IX., Chap. III. The length of this line is 3074 links, 
and with lines 1 and 2 constitutes a triangle, which may be 
laid down in the usual way: thus, 

Line 4 Btarts from © at 250 in line 1 r , and closes on 0 at 
2097 in line 3, taking the turnpike road by double offsets. 

Line 5 starts from © at 1420 in line 3 r and meets 0 at 
2360 in line 2, taking the western fence of field 3 by offsets. 

Line 6 and 7 complete the survey or filling up, as it i3 
usually called, on the north-eastern side of line 1. It is here 
: proper to observe that the four last lines must all fit, or very 
nearly so, between their proper stations, when laid down on 
the plan; otherwise some error or errors have been made, either 
in the measurements, or in the entries in the field book, or in 
laying down the lines, which must be corrected before the 
work proceeds any further. 

The next main line 8, starts from the beginning of line 2 r , 
of which proper notes are made in the field book, and ends on 
the north bank of the river Ouse, near the south-west corner 
of the estate, taking the western boundary thereof by means of 
offsets throughout its whole length, as shewn by the field book. 

Line 9 starts from © at 4713 in line S -| , and meets © at 
459 beyond © at 250 in lino 1, the distance between these 
stations being measured on finishing line 9, as it was not 
foreseen that a 0 was required for this line, when line 1 was 
measured, the entry being made as shewn in the field book. 

The remainder of the field hook is here put down without 
sketching the fences, &c, which the student can readily do 
himself for practice from the plan. 
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After a rough plan has been completed, the contents of all 
the fields, &c., must next be found, by the methods already 
given in Chaps. II. and III. The scale to which the plan 
referred to is drawn, is 10 chains to one inch ; it being drawn 
to this scale to accommodate it to the size of a page of this 
work, but for the purpose of finding the contents with accuracy, 
the scale to which the rough plan is drawn, should not be less 
than three or four chains to one inch, otherwise the several 
parts of the plan cannot be measured with accuracy. The fine 
plan may next be made to any required scale that may be 
thought most convenient. Fine plans are of various scales, 
from 5 to 20 chains to an inch, according to the size of the 
estate, parish, or manor, or to the desire of the proprietor or 
proprietors. The fine plan is reduced from the rough one by 
the pantagrapb, or by any of the other methods already given, 
and is accompanied by a book of reference, containing the 
names and contents of the several fields and other enclosures, 
the names of the occupiers, and whatever other particulars, 
concerning the estate, parish, or manor, that may be required. 
If the estate be a small one, the reference may be put on one 
side of the plan. The name of the estate, &c, is usually in- 
scribed with large ornamental letters in a vacant corner of the 
plan, with the scale to which the plan is drawn. 

From what has been already explained with reference to the 
method of laying down plans, keeping the field hook, &e., the 
student will now have no difficulty in conducting such extensive 
surveys of parishes, estates, manors, as are referred to at the 
end of Chap. III., whatever be their varieties of shape ; since 
all surveys made with the chain only, are continued systems 
of tri angulation, or the prolongations of all or some of the sides 
of the fundamental triangles being made the bases of the fur- 
ther extensions, as may be seen at pages 60, 6i; where the 
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lines for the surveys of the parishes of Woolbedding and Lods- 
worth are given. 

Before quitting this subject, it will be proper to remark, that 
when two, three, or four surveyors are employed ift the survey 
of a large estate, parish, or manor, it is advisable to divide it 
into four parts by two large base or main lines crossing one 
another, at any convenient angle, a3 near the centre of the 
work aa can be judged by roughly examining it. The main 
lines must next be tied, as near their extremities as convenient, 
by four other main lines; which, when laid down, will consti- 
tute a proof of the basis of the survey, and will form four large 
triangles, each surveyor surveying one of these large triangles 
or Bpaces cut off by the two first lines. The work, in this case, 
will be as well connected as if it had been done by one sur- 
veyor. The system of fundamental lines in such a survey will 
nearly resemble that proposed by the Tithe Commissioners for 
their surveys for first class maps of parishes, for the purpose of 
the commutation of tithes. This system of lines has been al- 
ready referred to at p. 59, Chap. III. 

CHAPTER V. 

EXTENSIVE SURVEYS OF VARIOUS KINDS, EITHER WITH OK 
WITHOUT THE THEODOLITE. 

Previous to undertaking any extensive projects in engineering, 
as railways, canals, harbours, the improvement of the naviga- 
tion of rivers, &c, the district or country through which the 
railway, canal, flee., is proposed to be formed, must fir3t be 
surveyed, and an accurate map made thereof, to exhibit the 
surface required to be occupied by it, and show how far aud in 
what manner the ditlyrent properties passed over, or near it, 
inny be dauiagcd, if not wholly required by the undertaking, by 
its cuttings, embankments, fltc, it' a railway, canal, or harbour; 
also, by the severance of estates, removal of buildings, diversion 
of roads, brooks, and watercourses, by the drainage of wells, 
ponds and watering places, or by filling them up. 

"When the intended engineering project is laid down on a 
map of this kind, and, if a railway or canal, the vertical section 
thereof accompanying it (see Plate III, at the end of the book), 
the damage done by it may be readily determined, and the 
diversion of road, watercourses, fltc, contrived in the most con- 
venient manner ; in order that the several parties affected, may 
be satisfied. 
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RAILWAY SEHVEYS. 

The surrey given at the end of Chapter III, viz., that of the 
Pariah of Lodsworth, is adapted to railway surveying, on ac- 
count of its long and narrow form ; and by tiebg other base 
lines to AB, in that survey, it may be continued to any extent 
required. But previous to making surveys of this kind, the 
line of the proposed railway, as far as it can be determined by 
trial levels, (see Levelling, Part II., Chap. I.) must be roughly 
delineated, on such a map of the part of the country or dis- 
trict through which it is proposed to pass, as can be procured ; 
(if the railway be m England or Ireland, Ordnance maps arc 
the best for the purpose) with which the superintendent of the 
survey must be provided that he may know what part or parts 
of the country is required to be surveyed for the intended 
project, and in what direction the main lines ought to be taken, 
which direction must be as near the proposed line of railway 
ns the obstructions arising from woods, rivers, &c, will admit. 

Surveys, containing all the required details for this purpose, 
may be obtained from the first class parish maps, made under 
the direction of the Tithe Commissioners. These maps may be 
generally considered as specimens of accuracy, with the ex- 
ception of a few that were surreptitiously manufactured by 
disingenuous surveyors; (see pape 61) but as it was optional 
to the parish authorities whether they would have first or 
second class maps, they more commonly choose the latter, on 
account of the expense being less. The great mass of those 
second class maps, being partly made or compiled from old 
and incorrect maps, and partly surveyed by unskilful surveyors, 
are little better than mere sketches of the parishes of which 
they are put forth as the maps; so much is this the case, that 
in making surveys for railways, the author, in running a line 
of little more than a mile in length, has found them to deviate, 
upwards of ten chains from their true position, while fields 
shewn by the reference to contain about equal contents, were, 
as shewn by the map, one more than double another in size. 
These maps are, therefore, utterly worthless for the work in 
question, for which nothing less than the most accurate surveys 
are requisite. 

When, therefore, a new survey, is required to be made, range 
the first base line, fixing station Hags therein at the most con- 
venient points, also other station flags, to the right and left of 
the main line, in the direction of fences, roads, rivers, &c, 
except where there are natural marks that will answer the 
same purpose as the flags. The measurement of the base line, 
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and the filling up of the survey on the right and left may then 
proceed, in the same manner, as already shewn in the narrow 
part of the Lodsworth survey just referred to. When the first 
basg or main line begins to leave the direction of the proposed 
linirbf railway, a second main line must then be set out, from 
a station 10 or Id chains short of the extremity of the first 
main line, that the two main lines may thus be effectually tied 
to each other ; after which the survey may be continued along 
any number of main lines. Sometimes obstructions prevent 
the effectual tieing together of the main lines, in this case the 
theodolite must be used, as shall be shewn hereafter. The 
width of the survey should be 
from 5 to 20 or 30 chains ; 
the greater widths being where 
it has not yet been settled where 
the line of railway shall pass, 
or where there are curves 
therein, or some other en- 
gineering difficulty. 

The annexed figure repre- 
sents a survey of this kind ; 
in which the thick, curved line 
Eff, is the projected railway; 
A B the first base line, which 
at B begins to leave the direc- 
tion of the line of the railway. 
At 0 C in the first main line 
nnother main line C D is set 
out, crossing and recrossing 
the railway. The line C D is 
connected with AB by the tie 
line BE. Id the same manner 
the next main line may be 
connected with CD, and the 
survey conducted thus to any 
extent or in any direction. 
The filling up of the chief 
parts of the survey is shewn 
by the dotted lines on both 
sides of the main lines. 

ENGINEERING AND OTHER SDRVEYS BY THE THEODOLITE. 

The use of the theodolite is either preferable, or absolutely 
necessary, both in engineering and other surveys; the chief 
cases of which are the following : — 
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1. In the surveys of woods, lakes, harbours, &c, by ranging 
a system of linea round them, and connecting them by taking 
the angles at their several points of junction. 

2. In the surveys of winding roads, rivers, &c, especially 
where they are obstructed by woodlands, buildings, &c*on 
both sides, by taking the angles, as in the first case. 

3. In the surveys of the streets, of parts or the whole of 
cities, and large towns. 

4. In determining the positions and distances of several sta- 
tions, in nn extensive engineering or other survey, by taking 
angles to them from two or more Btations, the distances of 
which are known. 

5. In railway surveys, &c, by connecting the main line with 
angles, as in the first and second cases, by determining the in- 
accessible parts that may occur, as in the fourth case ; in 
ranging a long line over high summits* This case frequently 
embracing all the four preceding ones. 



TO SURVEY WOODS, LAKES, HARBOURS, &C., BY THE THEODOLITE. 

1. Required the plan and area of the wood represented in 
the following figure, the field notes, adapted to the theodolite, 
being given. 



Fix station nags round the wood, so that the lines com- 
passing it may be as near it as possible, for the convenience of 
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taking the offsets ; the stations at the same time being made 
on proper ground for fixing tbe theodolite. Let ABODE 
be the stations, and the Held book as below. 




to © C From © D 



go E. 



From © B 




THE METHOD OF TAKING TBE ANGLES, &C. 

It will be seen, from the field notes, that the line AB is first 
measured, as a base for tbe plan. The first angle ABC is then 
taken, which is found to be 81° 29 1 , and shews the direction of 
the second line B C. In taking this angle, the theodolite is 
fixed directly over © B; the two zeros of the horizontal plates 
beiDg then clamped together, the object glass of the telescope 
is directed to the flag or other mark at Q A, and the whole 
instrument clamped; the upper plate is now undamped, and 
the telescope directed to the flag at © C, when the angle ABC 
is found to be 81° 29', as shewn in the field notes. In a similar 
manner, the angles at stations C and D are respectively found 
to be 11]° 89 1 nnd 46° 51', the three lines BC, CD, DE each 
bending respectively to the left of the line preceding it. The 
angle at © E is found to be 241° 38', which being greater 
than 180^, that is, greater than the semicircle p q, shews that 
the line E A turns to the right. Finally, the angle at 0 A is 
found to be 58° 23', shewing that the lino A B turns to the left 
of E A, Thus the magnitude of the angle shews whether the 
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new line inclines to the right or the left of the old one, the new 
line turning to the left of the old one, when the angle is less than 
180°, and to the right when greater, the zero of the instrument 
being always directed to the commencement of the old line; 
therefore, the bearing of all the lines, except the first, may be 
omitted in the field notes ; the remainder of which, being simi- 
lar to those already given, need no further explanation. 

PLANNING AND PROVING THE WORK. 
Draw the base line A B in the given direction, indefinitely, 
and lay off the given length 2302 links thereon. Place the 
centre of the protractor at 0 B, with its straight side close 
against AB, and prick off 81° 29' from its end towards A; 
then, through 0 B and the protractor-mark, draw BC, making 
it the given length 2678. Lay down similarly the two follow- 
ing lines with their angles G and D. The angle at 0 E is 
241° 38', therefore E A must turn to the right, and the angle 
to be laid off at E is 360° — 241° 38' = 118° 22'; or, if a cir- 
cular protractor be used, the whole angle may be laid off at 
once, and E A being drawn, must reach to 0 A, where the 
survey began, or so very near to it that the error may be con- 
sidered immaterial ; but if it do not reach to 0 A, by a con- 
siderable distance, there has been an error either in taking the 
angles or measuring the lines. But since the sum of all the 
interior angles of a polygon is equal to tivice as many right 
angles as the figure has sides, lessened by four right angles, and 
since the given figure has five sides, the sum of all its five 
interior angles will be = 5x2 — 4 = 6 right angles = 90° 
X 6 — 540°. This will be found to result by adding all the 
angles of the figure, as below. 

Angle at B = 81° 2ff 

C = 111 39 • 

D= 46 51 

E = 241 38 

A=- 58 23 

Proof, as respects the angles 540° ff 



The above result shews, that the angles have been accurately 
taken; if, therefore, the work do not close, that is, if E A does 
not reach ^o 0 A, the error is in the measuring of some of the 
lines, or in making a wrong entry in the field notes, which may 
now be readily detected, if required. 

When the work is planned the content will be found to he 
37a. 3r. 4p. 
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It will be seen that the above survey might have been ef- 
fected by the method given in Prob. VIII., Chap. Ill; but it 
is here assumed that the lines compassing the wood cannot be 
prolonged for the purpose of measuring tie lines, on account of 
obstructions, a3 is often the case. 

Lakes, Meres, and large Ponds are surveyed and planned in 
the same manner as the wood just given. 

2. The following figure represents a gulf or inlet of the sea, 
the survey of which is required to adapt it for the purposes of 
a harbour for ships. 

The coast, here shewn, is the boundary of high wate* the 
survey begins at 0 A, station-flags being fixed at B, C, D, E, 
F, and G, and angles taken at 
A to P and G. The line B A, 
being first prolonged back- 
wards to high water mark 
is then measured to B, and 
the angle ABC taken. Simi- 
larly all the succeeding lines 
are measured, and the angles : 
taken; also at F and G the 
angles are taken to 0 A, and 
the line FG prolonged to high 
water mark, all the offsets be- 
ing taken as the work proceeds. The figure may now be laid 
down, precisely as in the last example, the magnitude of the 
angles shewing the directions of the lines, and the lines A F, 
A G, which could not be measured on account of the great 
width of the entrance of the harbour, proving the work by 
means of the angles, taken at A, and F, and G. 

• Problem IT. 

THE SURVEYS OF ROADS AND RIVERS. 

1. The following figure represents a river, the survey and 
plan of which is required, for the purpose of improving its 
navigation, making locks, &c. 
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Station flags being set up, at or near the principal windings 
of the river, as at A, B, C, D, E, the line AB is measured, 
and the offsetB taken to the nearest shore of the river, its 
widths, if very great, being determined by Prob. IV., Chap. III.; 
or by throwing a leaden ball across the river, with a slender 
cord attached thereto at one end, and holding the other end in 
the hand, and then drawing it back, and measuring the length 
of cord, required to reach the opposite shore. This last method 
is impracticable where the width of the river is very great. A 
flagig left at © P in AB, where the sight, in the general 
direction of the river, is unobstructed for a considerable dis- 
tance. The measuring of AB being now finished, the angle at 
B is taken, which, being less than 180°, shews that B C turas 
to the left. On measuring to C the angle there is found to be 
greater than 180°, shewing that CD turns to the right; and thus 
the work proceeds to © E, where an angle is taken to the now- 
distant flag at P. This last angle will prove the accuracy of 
the work when laid down. 

If the width of the. river he very great and unequal, a similar 
system of lines must be used on the opposite shore; otherwise, 
a correct map cannot be obtained, the two systems of lines 
being connected by finding occasional widths of the river, as 
already stated; thus the line B C may be prolonged across the 
river to connect another system of lines, if required, 

2. If a road he represented by the winding figure, in the 
last example, it may be surveyed precisely in the same manner, 
excepting that it would be more convenient to have the system 
of lines ABODE upon the road, instead of the side of it, that 
the offsets may be readily taken to the right and left of the 
several lines, recollecting to leave a flag, or some other promin- 
ent object, in or near the first line, as at © P, in the last figure, 
to which an angli may be taken, after the suf vey has proceeded 
a considerable distance, to prove the work. 

The method of planning either a river or road will be suffi- 
ciently clear, from the first example in Prob. I. 

The map of a river or road being thus obtained, if the area 
be required it may be readily found by the methods previously 
given, or, by taking widths at the end of every chain, estimated 
along the middle of the river or road, and taking a mean of the 
widths, which, multiplied by the length, will give the area suf- 
ficiently correct for most cases. 
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Problem III. 

THE SURVEY OP A FART OR THE WHOLE OP A CITY OR 
LARGE TOWN. 

Case I. Commence the survey at the meeting ot three or 
more of the principal streets, through which the longest pros- 
pects can he obtained, for the purpose of laying out the main 
lines. Having then selected a proper station, fix the theodolite 
thereon, making a line in one of the principal streets a base line, 
and directing it to some prominent or well-defined point as to a 
projecting corner of a house, or to a lamp, or railing-post, or to 
the right or left side of a conspicuous door or window, which 
point must be described in the note book, that it may be re- 
membered. Angles must first be taken between the base line 
and the other lines, diverging from the first station, defining 
carefully the directions of these lines, as in the case of the base 
line. This done, measure these lines with the chain, taking 
offsets to all corners of street?, bendings, or windings, and to 
all remarkable objects, as churches, halls, colleges, eminent 
■buildings, &c.j also, defining the extent of buildings belonging 
to each separate owner, or joint-owners, especially if such 
buildings are required to be taken down for engineering pur- 
poses, or for improvements: at the same time recollecting to 




leave stations opposite the ends of the streets to the right and 
left, and to take the angles of the directions. This operation 
must be repeated on the other main lines, till the survey ia 
completed. 
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Thus, having fixed the theodolite at A, take the angles of 
lines meeting there, referring them to the base line A B, that 
the magnitude of the angle may shew their direction: then 
measure A B, taking offsets to the buildings of different pro- 
prietors, as to the buildings marked a, b, c, &a, on which the 
dimensions of their several parts, yards, &c, must be put in 
the note book, that they may be accurately mapped, preparatory 
to their valuation, if required to be taken down for engineering 
purposes, or for parish rating ; stations being left at m and n, 
fur the lines in the streets on the right, and the angles of their 
directions taken ; strong iron pins, driven into the crevices of 
the pavement, being the usual station marks in large towns. 
The measurement thus proceeds to 0 B, where the angles of 
the streets diverging from it are now taken. The line B C 
is next measured in like manner, and the angles taken at 0 C; 
after which the measurement proceeds to © n, in the base 
A B; thus constituting the triangle n B C, a station being left 
at D in C n. Prom © D the Burvey proceeds to © E, and 
from thence to © A, where the work commenced, a station 
having been left in the line D E at © for the line to 0 m. In 
this manner the survey may be continued to any required 
extent. 

This survey, so far as it has been here shewn may be plotted 
independent of the angles taken with the theodolite, by first 
laying down the triangle «BC, and then determining the 
position of © E by intersection from stations A and D, when 
the line m o will prove the work. But it rarely happens, in 
the practice of town surveying, that a fundamental triangle can 
be obtained, sufficiently large to lay down the work in this 
manner ; it is merely here shewn that such a case is possible ; 
for had the street, in which the line C n is measured, been so 
bent as not to admit a right line along it, the use of the 
theodolite would have been indispensable in this survey. As- 
suming, therefore, that C n is not a right line, but bent at © 
D; then, in the five-sided figure A B C D E, the accuracy of 
the measurement of the angles may be proved, by taking the 
sum of all the interior angles as in Ex. 1, Frob. I.; and the 
work further proved, by the closing of the lines at © A, as well 
as at the several other stations. 

The form of the field (or rather town) notes in this case, is 
the same as those already given in the field book, Plate p. 82, 
excepting that the entries must be made at a sufficient distance 
apart, that sketches of buildings, yards, gardens, &c, may be 
ck-arly made, with the measures of their several parts put on 
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them in links, and the (ingles must be noted in the same man- 
ner as in the example of the wood, Prob. I. 

Case II. If a very large town be required to be surveyed, 
the best method is to measure a base line of considerable length, 
on elevated and open ground, on the outside of the town and at 
two stations at its extremities take horizontal angles to the 
towers of churches and other lofty buildings in the town, and 
the intersections of the lines of sight, from these angles will 
determine the positions. of the towers, &c; which may then 
be made stations for the survey of the several streets, which 
may now be conducted in the manner shown in Case I. More- 
over a third station must be taken in the line thus measured, 
at which angles must be taken to all the towers, &c, which 
angles, being laid down, their lines of sight will pass through the 
intersections of the lines of sight taken from the other two sta- 
tions, if the work be correct, otherwise an error has been made 
in taking some of the angles, which must he corrected, before 
the survey of the streets, &c, he commenced. 

The several distances of the towers and other lofty buildings 
may be calculated by Trigonometry (sec Trigonometry, Weah's 
Series), and the several lines, or triangulation, connecting the 
said towers, &c, may thence be laid down, without plotting the 
exterior base line and the lines of sight, taken from it. This 
last method of proceeding is shown in the following Problem, 
and is adopted by the Ordnance authorities. 

Case III. If the town be long and narrow, with straight 
openings across, either through straight streets, or partly 
through streets and gardens, a trinngulation may be formed on 
the open ground outside the town and the main lines may be 
connected by other lines passing through these openings, in 
which stations may be obtained for the survey of the otiier 
streets. Such a survey would resemble the parish-surveys, al- 
ready described. 

This method was partly adopted by the author in the survey 
of Dover for Rowland Bees, Esq., Architect and Surveyor for 
that borough, the theodolite being only used in those parts where 
this method was impracticable. 

Problem IV. 

TO DETERMINE THE POSITIONS OF SEVERAL DISTANT POINTS, 
OBJECTS, OE STATIONS, BY TAKING ANGLES AT TWO STATIONS 
AT THE ENDS OF A GIVEN LINE. 

Let A, B, C, D, E, P be six-stations, the positions of which 
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are to be found. Measure a line M N on level get 



ma, 



such that all the stations may b 




seen from M and N, and at 
each of the stations M 
and N, take angles 
with the theodolite to 
allthestationsjitszero, 
in taking the angles at 
each station, being di- 
rected to the opposite 
end of the given line, 
that the magnitude of 
the angle may deter- 
mine the direction of 
each line of sight to the 
distant stations. The 
line UN beiug then 
laid down, and the an- 
gles taken at its ex- 
tremities, the intersections of the lines of sight MA, MB, &c, 
and of NA, NB, &c., will determine the positions of the several 
distant points A r B, &e., from whence their distances may be 
found, and made base lines for the further extension of the sur- 
vey, if required. 

The accuracy of the work may be proved by taking a 0 o, at 
any point in M N, and taking from thence angles to all the 
distant stations ; which angles, being laid down, their lines of 
sight will pass through the intersections A, B, &c, if the work 
has been correctly done. 

"When all the distant stations or objects cannot be seen from 
two given stations, then three stations may be taken, or as 
many as are necessary; connecting the stations thus used, by 
measuring their distances, and proving their positions by other 
lines, or by angles : the zero of the theodolite in taking the 
angles to the distant stations being always directed to the last 
given station. Moreover, the angles to all remarkable objects 
that can be seen from two given stations may be taken at the 
same time ; thua may their positions also be determined by the 
intersection of two or more lines of sight. In this manner 
very extensive surveys may be effected, occasionally checking 
the accuracy of the work by measuring the distances of some 
of the distant stations, where it can bo the most conveniently 
done. The distances from A to B, from B to C, &c, may be 
calculated by Trigonometry, as in the preceding Problem. 
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TO SURVEY A DISTRICT WHERE OBSTRUCTIONS OCCUR, FOR A 
RAILWAY, CANAL, ETC. 

In tbe figure, RW is a portion of a projected railway, and AB, 
B C the main lines 
to survey that por- 
tion of the district 
occupied by or af- 
fected by tiie rail- 
way, Tbe first main 
line AB runs along 
a road, till it is ob- 
structed by a large 
wood on the right, 
a brook being close 
to its left, and, since 
the direction of tbe 
railway changes 
near the point of 
obstruction to the 
left, a new main 
line B C is taken. 
Here tbe use of tbe 
theodolite is indis- 
pensable to take the 
angle of the two 
main lines AB, BC 
at B, as it is im- 
possible, on account 
of tbe obstructions 
in question, to ob- 
tain tie lines to con- 
nect the main lines, 
excepting with great 
trouble. The parts 
of tbe survey ad- 
joining the wood 
and tbe brook may 
be filled up in the 
usual way, while 
angles must be 
taken from two or 
more stations, to 
determine the posi- 
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tions of churches, and other remarkable objects on the right 
and left of the railway, by intersection; it being unnecessary, 
at the same time, to measure their distances, especially if those 
distances from the railway be considerable, their positions being 
only required to shew more clearly the locality of the proposed 
railway to those interested therein. Also, at the same time, 
the angles of fences, or other parts of the actual survey that 
may be in the same direction of the churches, &c, may be con- 
veniently taken, which will thus save the trouble of measuring 
tie lines. As the railway again leaves the direction of the main 
iine B C at C, a third main line will be required (this line is 
not shewn in the figure); which may be either tied to B C, or 
its angle of inclination thereto be taken with the theodolite, ac- 
cording to convenience. The filling up of the part of the sur- 
vey to the right and left of the part of B C, towards C may be 
readily effected by the help of the prismatic compass, or box 
sextant, on account of the fences being straight, and the fields 
large; the angles which these straight fences make with B C, 
being taken, and the lengths of the fences measured to the 
meetings of other straight fences. 



CHAPTER VI. 
Section I. 

THE VARIOUS METHODS OF LAYING OUT ANY GIVEN QUANTITY 
OF LAND IN ANY PROPOSED REGULAR ' OR IRREGULAR FORM; 
OP SEPARATING ANY REQUIRED QUANTITY OF LAND PROM AN 
ENCLOSURE OR COMMON; AND OF DIVIDING LAND OF VARIA- 
BLE VALUE AMONG SEVERAL CLAIMANTS, IN PROPORTION TO 
THEIR RESPECTIVE ' CLAIMS. 

PRELIMINARY PROBLEMS. 
Problem I. 

To lay out a given quantity of land in tlte form of a square. 

Rule.— Reduce the given quantity to square links, by the 
table of square measure page 15 1 and the square root of the 
result is a aide of the required square, in links. 



LAYING OUT AND DIVIDING LAND. 
EXAMPLES. 

1. Lay out 2a. lr. 5^p. in the form of a square. 

2a. = 200,000 square links. 
lr. = 25,000 
5fr. = 3,437 

f links nearly, 



228,437(478 1 side of the square 
16 (aBDC 



948)7537 
7584 

2, Required the side of a square, that shall contain 3a. 
3r. 28p. Axs. 62$£ links. 

Notb. A given quantity of land is sometimes required to bo laid out in the 
form of a square for pleasure grounds, &c. 

Problem II. 

To lay out any proposed quantity of land in ike form of a 
rectangle, the length of which is given. 

Rule, — Divide the square links in the quantity of land by 
the given length, and the quotient will be the breadth of the 
required rectangle. — If the dimensions are required in feet, the 
given area, must be reduced to square feet. 

EXAMPLES. 

1. Lay out 4a. Or. \2p. in a rectangular form, the length of 
which shall be 812 links. 

4a. Or. 12p. = 407,500 square links, and 

812)407500(501-8 links = AC, the 
. 4060 required breadth of 

the rectangle ABDC. 

1500 
812 

6880 

6496 ^ ■ 

384 

2. The breadth of a rectangular piece of ground 140 feet, 
required its length, when its area is 2 acres. 
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1 awe = 43560 square feet 
2 

{2 1 8712-0 square feet in 2 acres. 
7 4356 

622-f feet, the length required. 
3. The length of a rectangular pleasure ground is proposed 
to he 1000 feet, required its breadth so that it contain 12^ 
acres. * Am. 544£ feet. 

Note. Besides tho extensive use of this Problem In tho division of commons, 
&c, it is also u^d In ikii.Tiiimi 1 (ho length of frontage of a given quantity of 
building ground, "lien its depth Or breadth is given; or, to determine the 
depth, when the length of frontage is given. 

Problem III. 

To lay out a given quantity of land in the form of a reel- 
angle, the length of which shall have a yiven proportion to its 
breadth; that is, the length shall be to the breadth as 3 to 1 or 
as 4 to 3, or as 5 to 2, 8>c. 

Rule.* — Divide the given area by the product of the two 
' terms of the proportion, and the square root of the quotient, 
multiplied separately by the terms of the proportion, will give 
the required length and breadth. 

EXAMPLES. 

1. Lay out 3 acres of land in the form of a rectangle, the 
length of which shall be to its breadth as 3 to 2. 
3 x 2 = 6)300000 square links in 3 acres 

50000(223-6 
4 



links. 

223-6 x 3 = 670-8 length. 
223-6 x 2 = 447-2 breadth. 



4466)27100 
26796 

..304 

* Let mx and nx be the length and breadth of a rectangle, which arc 



42)100 
84 

443)1600 
1329 
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2. Lay out 6£ acrea in a rectangular form, the ratio of whose 
length and breadth shall be as 5 : 2. 

5 x 2= 10)625000 links. 

250 x 5 = 1250 = length. 

v/ 62500 = 250. 250 X 2 = 500 = breadth. 

3. It is required to lay out a rectangular fish pond, the length 
of which shall be four time3 its breadth, and its area 10 acres. 

Ans. Length 2000 and breadth 500 links. 
Note. Proportions of this kind aro frequently required in Inying out orna- 
mental grounds, ponds, &c., in rectangular forme. 

Problem IV. 

To lag out a triangle, of a given area and a given bane, one 
of the sides of which shall have a given position. 

Rule I. — Divide twice the area by the base for the perpen- 
dicular, which erect at any point in the base, and at the ex- 
tremity of the perpendicular and at right angles to it, range a 
line till it meet the side given in position, which point of meet- 
ing is the vertex of the triangle required. 

EXAMPLES. 

1. It is required to lay out a triangle ABC to contain 
2a. 2r. I6p. on a base A B of 1200 links, tiie position of A H, 
of which the side A C is a part, being given, 

By Rule 1. A H 

2a. 2r. 16> = 260000 links C c2:-,J 



1200)520000 

433£links=CD ' 

On any point d of the given base AB = 1200 links, erect the 
perpendicular do = 433^ links; range cC perpendicular to dc 
till it meet AH in C; then, B C being joined, AB C is the 
triangle required. For let CD be drawn perpendicular to AB, 
then, by the nature of the construction, C D = c d. Q. E. I. 

Rule 2.— Measure HB perpendicular to AH, the line given 
in position, to the end B of the given base, and divide twice the 
given area by H B, and the quotient 13 A C, which, being mea* 
sured off, will give the point C. 

2. Solve the last example by Rule 2, the perpendicular B H 
being 860 links. 

2 ~S2fgJL5 = 604-65 links = AC. 
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3. Required the perpendicular of a triangle, containing 26a. 
2r. 28p., its given base being 3112 links. 

Ans. 17301 ii n ks, nearly. 

Notb. This Problem is extensively used in tbe division of lauds, commons, 
&c, as shall bo hereafter shewn. 

Problem V. 

'To lay out a trapezium of given area, the positions and 
lengths of two of its adjoining sides being given, and also the 
position of its tliird side. 

EfJLE. — Join the ends of the two adjacent sides, thus forming 
a triangle, the area of which must be found, which area must 
be subtracted from the given area, and the remaining area 
must bo laid out in the form of a triangle, on the line joining 
the two given sides, as base, by Prob. IV. 

EXAMPLE. 

Let the given area of the trapezium A B D C be 6 acres, 
A B, A C the sides that are given in length and position, and 
CH the position of 
the third side. Join 
BC; measure the per- 
pendicular CP, which 
is found = 840 links, 
and CB = 880 links, 
AB being = 1200 
links; whence the area 
of the triangle ABC 
=600x840=504000 
square Hnks ; and 
(iOOOOO — 504000 = 
9GO00 = area of the triangle BCD; therefore 96000 X 2-f 
880 = 218 T 2 T links = perpendicular DQ; which, it will be seen, 
is applied as in Prob. IV.; thus constituting the required trape- 
zium ABDC. CD may also be found as by Rule 2, Prob. IV. 
Note. This Problem b also much used in the division of lands, commons, &c. 

Problem VI. 

To lay out a rhomboid of given area, the lengths of its sides 
being given. 

Rdle. — Divide the area by the longer side, subtract the 
square of tbe quotient from the square of the shorter side, and 
the square root of the remainder is the distance of the perpen- 
dicular from the end of the larger side, which perpendicular, 
being made equal to the quotient first found, gives tlio breadth 
of the rhomboid. 
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EXAMPLES. 

1. The area of a rhom- 
boid is required to be 6 
acres, and its longer and 
shorter sides to bo re- 
spectively 1200 and 625 
links, required the place 
and length of its perpen- 
dicular. 

12-00)600000 

500 = perpr. = D E 
625 a = 390625 
500 2 = 250000 

■y-140625 = 375 links = A K. 

2. Lay out the figure when its sides are each 4 chains, that 
is, when it is a rhombus, its given area being la, Ir. 24p. 

Am. 350 links = perpendicular, and its distance 193-6 links. 
Problem VII. 

To lay out a proposed quantity of land in a regular polygon. 

Rule. — Divide the area of the proposed polygon, by its cor- 
responding area in the following table, and the square root of 
the result will'be the length of its sides. Multiply the side just 
found by the corresponding radius, in the column marked radii, 
and the result will be the radius of the circle that circumscribes 
the required polygon. 

A table of regular polygons, with their names, areas, and radii 
of their circumscribing circlet, flic sides of the polygons being 
unity. 



No. 


KomeV 


Areas. 




3 




0-433 




4 




1- 


0-707 






1-72 


0-851 


6 




2-598 


l- 


7 




3-634 


1-152 


8 




4-828 


1-306 


9 




6-182 


1-462 


10 


7-694 


1-619 


11 




9-365 


1-775 


12 




10-lfK) 


1-932 



Note. If the square of tlic sida of a polygon lie multiplied by its c or to* pond- 
ing area in the preceding tabic, llie product will lie the area of tlie polygon. 
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EXAMPLES. 

1. Lay out an acre of hud in a regular heptagon. 

Here V = 1( 55-88 links = AB. 

Also 165-88 x 1-152 = 191-09 links = AO. 
Construction of (he heptagon on the ground. — Provide a 
strong cord, equal in length to the radius of the circumscribing 
circle of the heptagon, which in this case is 191-09 links, or 
very nearly 191^0 links; fix one of its ends at o, as a centre, 
(ind tie the other end to a pointed 
arrow; stretch the cord to A, and 
^"^i^v with the radius O A describe the 

/"l dotted circle, keeping the arrow 

;'/ 0 V\ vertical, and making a visible cir- 

:/ a, \! cular mark with it. Then take 

\ t\ J the distance AB = 165-88 links 
*-V / \ A- on the cord, which being applied 

''- ^./ \ /y seven times within the circle, will 

a" C just reach, round the circumfer- 

ence, thus forming the heptagon 
required. 

2. Lay out 4 acre3 of land in a hexagon. 

Ans. 392-38 links = radius of circumscribing circle and side 
of the hexagon, for both are equal in this figure. 

Problem VIII. 
To lay out a given quantity of land in a circular form. 
Ecle. — Divide the given area by -7854, and half the square 
root of the quotient will be the radius of the circle. 

EXAMPLES. 

1. Lay out 4 acres of land eo that its boundary may be a 

circle. 

f "\ Heroic = 356.8 lints = AO. 

V _o \ * ■'pa* 

"With the radius A O, the circle may be 
described on the ground, as in the last 
Problem. 

2. Required the radius of a circle containing half an acre 
of land. Ans. 126& links. 

Kotb. The rules given in the two preceding PruLlems are the inverse of tlia 
rules for finding the areas of Ihc same figures in works on mensuration ; Bird 
their investigations arc given in various works tin nnslvticnl trigonometry. 
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Problem IX. 

To lay out a given quantity of land in the form of an ellipse. 

Rule L — When one of the diameters is given. Divide tlie 
given area successively by -7854 and the given diameter, and 
the quotient will be the other diameter. 

Rule II. — When the two diameters are required to be in a 
given proportion or ratio. Divide the given area successively 
by -7K54 and the product of the terms of the ratio, and the 
square root of the quotient, multiplied separately by the terms 
of the ratio will give the two diameters. 

EXAMPLES. 

I. Lay out 4 acre3 in an elliptical form, with a trnsverse 
diameter T R of 9 chains. 



By Rule I. 



400000 _ /links = C 0, the 
•7854x900 ^conjugate diameter. 



Construction of an ellipse. — Lay off from the centre C of the 
ellipse, on the transverse TR, the distances CF, Cf, each equal 
to the square root of the differ- 
ence of the squares of the two 
semi-diameters ; take a strong 
flexible cord, equal to T R, and 
fix its ends at F, f\ extend the 
cord to I, so that it may take 
the position F I f, and keeping 
the cord continually stretched, 
with an arrow trace the ellip- 
tical curve T I C E O, which 
will be the required boundary. 

In this case CF = Cf= ^450 2 - 283 2 = 350 links. 

2. Lay out an ellipse to contain 2a. Or. S2p., the proportion 
of the diameters of which shall be as 7 to 4. 




By Rule II. 220000 



; = 100 links; and 100 x 7 = 700 



4x7x-7854 " 

links, the transverse diameter, and 100 X 4 = 400 links, the 
conjugate. 

Note 1. The investigation of the rules tised in this Problem, are given In 
various works on Conic Sections. 

Notk 2. The three last Problems nre chiefly of nsc in laying out ornamental 
grounds, os the inner area of squares in cities and towns, Ehrnbbciies, planta- 
tions in porks, &c. 
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Problem X. 

To divide any 'proposed quantity of land from a triangle, by 
a line parallel to one of its sides. 

Rule.— Since the areas of triangles are as the squares of 
their like or homologous sides, we shall have 

Area A A B C : area a a b c : : A C a :aC 3 . 

See Thcor. VIII., Chap. T. 
EXAMPLES. 
1. Let the base A B = 
2600 links, AC = 2000, 
and B C = 1600, cut off 
6a. lr. 24p. by the line ab 
parallel to A B. 

From the three aides 
he area of the triangle 
A B C is found = 1537450 square links, 
and 6a. lr. 24p. = 640000 square links, ' 
the difference = 947450 = area of a a b C. 
Then per Rule, 1587450 : 947450 :: 2000 2 : 23S7352; and 
\/2387352 ■= 1545 links = «C; whence 2000 — 1545 = 455 
links = Ac. Again by similar triangles 2000 : 1600 :: 455 : 
364 links =; B b. Therefore, measure on the ground the dis- 
tances Afl|Bi, just found, respectively from the points A and 
B; and range the line ab, which will divide the given quantity 
ABia from the triangular field A B C, as required. 

Note. In this manner a trinnglo may be divided into any number of enual or 
unequal parts, by lines parallel to any one of its sides, liy successively sub- 
tracting ihosums of 2, 3, 4, &e, areas from the area of the triangle, and making 
(lie remainders successively the secoml terms of the proportion. 

2. The sides of a triangular field are 900, 750 and 600 links; 
it is required to cut Oa. Sr. 2Sp.- therefrom, by a straight fence 
parallel to it3 least side, 

Ans. The distance from the ends of the least side, on the 
largest and intermediate sides, are respectively 211£ and 176 
links. 

Problem XL 

To lay off any given quantity of land from an irregular 
field or common. 

Role. — First find the area of the crooked or irregular part 
by means of offsets, which area must be deducted from the given 
area, after which the remaining area must he laid out by means 
of Problems II., IV.. and V. 
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Case I. — When one side of the a n 

field is crooked and two straight 
and parallel. 

EXAMPLE. 

Let a A c B 6 be a portion of 
a field or common, the aide A c B 
being crooked and A a, B 6 pa- 
rallel, the length of AB is 2400 
links, and the area of the offset 
piece A cB is foundio be 227500 
square links; it is required to ci» 
off 12 acres from the field by a line 
parallel to A B. i 

12 acres = 1200000 sq. links 
offset piece = 227500 ditto 

! 2)9725 00 

12)4862-5 

■105-2= AC=BU 
Therefore, measure the distances 
AC = BD = 405i links on the 
ground, and range the straight 
line C D, then shall the space 
AcB D C contain 12 acres. 

Case II. — When all the sides of the field or common are 
crooked. 

EXAMPLE. 

Let oABCDd 
be a portion of a 
field or common, the 
boundary of which Bp 
is crooked, it is re- 
quired to part there- 
from 6 acres, by a 
straight fence run- 
ning from D towards 

Measure the four j 
lines AB, BC, CD, ( 
DA, taking the oft- 
seta on the three 
first, and finding the 
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area of the trapezium A B C D in the usual way, which united 
areas tire found to be 570000 square links, the line A D being 
810 links. 

Hence 6 acres = 600000 square links 
Area ABCD and offsets = 570000 ditto 

!9)300OO 

9)333-3 

# 37-037 
2 

74-074 links = perpend. Pr. 
Therefore, apply the perpendicular Pr = 74-074 links as in 
Prob. IV., and range the straight line AP; then shall the 6 
acres be parted from the field or common as required. 

Problem XII. 
To divide from a field or common, bounded by straight fences, 
ant/ given quantity of land, by a line parallel to one of the 
straight fences. 

Rule. — Measure the length of the straight fence or Iim to 
which the division line is required to be parallel; divide the 
given quantity by that length, and set the quotient perpendi- 
cular to the given straight fence, at two points near the ends 
thereof, ranging a line through the extremities of the two per- 
pendiculars, and measuring the length thereof; find the area 
of the trapezoid thus obtained, and take the difference between 
this area and the given area, which difference, being divided by 
the last measured line, will give the breadth to be set out per- 
pendicularly from the last measured line, either inwardly or 
outwardly, accordingly as the difference is in excess or defect 
of the given quantity. 

EX AMPLE 

Let a A B b be a portion of a field or common with straight 
fences, it is required to lay out 10a. 2r. I6p. by a line parallel 
to A B, the length of which is 2200 links. 

52)1060000 = 10a. 2r. IGp. 

11)5300 



482 nearly = p q = r & 
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Now the perpendiculars p q, r a 
being set off, and the line mn mea- 
sured, is found to be 2025 links; whence 



(2200 + 2025) X-g- = 1018225 sq. links, and 
(1060000— 1018225) 2025 = 20'6 links, tha 
distance to be set perpendicularly, at 
both ends of mn, to the right (hereof, 
because the area cut off by mn is less 
than the given quanity, and the 
straight lino C D ranged through tho 
extremities of these perpendiculars will 
be parallel to AB, and will cut off tho 
required quantity. 

JJotb 1. Tlio three last Problems are much, 
used in the inclosure of common?, and other if asla 
lands, and more especially Problem XII. as tha 
laying out inclosnres witli parallel fences con- 
tributes very much to the economy of cultivation, 
by thna allowing the ridges to run from the ends 
of each inclosure, parallel to the two parallel 
fences. 

Notb 2. Those who are accustomed to operations In analytical trigonometry, 
will find the following formula: much more expeditious for laying out kind Lv 
melius of pnollrl tVn (.-(■?, as in i'mli. XII , c,;j;riii!!y win-re a'evcat number if 
successive inclosnres are require i to be laid out : — Let A B = o, <r == sine LA 
« = sine LB, S = sine (cr + s), and A = area ABCD, which is required to 
be cut off; then, ■ 

BC=| (m-V - 3 (ft»* ff — 2AS) ), 
and AD =~ DC. 

Whence both B C and AD become known without any preliminary monsnro- 
raent, except that of the side A B and tbc angles A and B : and by adding the 
next area to be cut off to A, end calling tho sum B, and then substituting B 
for A in the formulas for DC, the nest following distances Bo and An may 
be found ; and so on for any number of inclosures. — When A and B are supple ■ 
mental angles, the lines An, Db, will be parallel, which makes the Problem 
extremely simple; and when tbc sum of the angles at A and B are greater than 
two right angles, S becomes negative, and the lines An, B6, will meet on the 
other side of A B. In this case the formula) will become 



BC = |(v' f C<.'«<r + 2AS)-B«r), 

and AD = ^-BC. 

Note 3. Investigation r>f the preceding formula. As the formula: given in 
Note 2, have never been previously given by any author, it will bo proper t» 
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give their investigation here.— Let E be tlie point where A a, B J, would meet, 

ir prolonged; (this point ie not shewn in the figure), then AE=~, BE = 

area or the triangle A B E = -gip * n * t!le area "f tne triangle C D E = 
- 'g^ - A. Now because the triangles ABE, CDE, are similar, 
area AABE: areaACDE:: BE 1 : CE ! , tbat is, 
a- sir a 1 sir . tfla" , 

CE=V|5( ^-A),and 
EC~BE-CE^, ^|5(^. A ), 0 , . 
BC= g («<r- ^ —(n'sff — 2AS)). 

Also BE-.BC::AE:AD = |-|bC = £bC. 

The oilier modification of Ihe forrau!* for B C when the point E falls on the 
other Bide of A B, is derived by making S negative. 



Section II. 

ON DIVIDING I-AND3 OK COMMONS, OF EITHER EQUAL OR VARIA- 
BLE VALUE, AMONG VARIOUS CLAIMANTS, IN PROPORTION TO 
THEIR SEVERAL CLAIM Si 

Where land is the property of joint purchasers, co-heir3, 
co-partners, &c. ; or where a common is to be divided among 
the adjoining proprietors in proportion to the values of their 
several estates ; it becomes requisite to adopt the methods of 
division given in the following Problems, in conjunction with 
the Problems in the preceding Section. The present Section 
will, therefore, present cases of considerable complexity; but in 
order that these may be clearly understood, the simplest cases 
shall be first presented to the student. 

Problem I. 

To divide a rectangular piece of ground of equal value 
throughout, cither equally or unequally, among any given num- 
ber of claimants, by fences parallel to one of its sides. 

Case I. — If the parts to which the rectangular space is to 
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be divided be equal, it will be only required to divide two of 
the opposite sides of the rectangle into the given number of 
equal parts, and range the lines for the several fences to the 
consecutive points of division, and the land will then be divided 
as required. This appears to be too simple a case to require a 
diagram. 

Case II. — If the rectangular space is to be divided among 
several joint purchasers, who have paid unequal sums for the 
purchase thereof: then use the following 

Rule.— As the sum of all the sums paid, is to the length of. 
the side of the rectangle from which the division lines abut, eo 
is any one person's sum to the breadth on the side of the 
rectangle due to that person ; then divide both this side and 
the one opposite to it, by laying off the resulting breadths, and 
range lines to the corresponding points, and the rectangle- will 
be divided by parallel lines, as required. 

Note. This i3 obviously a question of singlo fellowship. 

EXAMPLE. 

Divide the rectangle 
ABCD, the length ° c 
of which is 1470 links 
and its breadth 684 
links, among three 
ioint-purchasers P, Q 
and K, who paid for 
the purchase thereof 

- 4 a 



Aa = P's breadth 
a b = Q's ditto 
b D = E's ditto 

Whole breadth 1470 which proves the work. 

Note. In this operation llio breadth of the recttngte, which is common to 
all the three divisions, is not required to he used. 

Problem II. 

To divide a triangle of equal value throughout, cither equally 
or unequally, among several claimants, who shall all have the 
use of the same watering-place, situated at one of the angles of 
the triangular field. 




links £ links 

1470 : : 120 : 360 = 

■ : : 150 : 450 = 

: : 220 : 660 = 
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EXAMPLE. 

It i3 required to divide the tri- 
angular field ABC among three 
persons, whose claims therein are aa 
the numbers 2, 3 and 5, so that they 
may alt have the use of a watering- 
place situate at the angle C; AC 
being = 1000, A C = 685, and C B 610 links. 
The rule in this Problem is the same as in the last. 




As 2 + 3 + S = 10 : 1000 



2 : 200 = Art, 

3 : 300 = a b, 
5 : fiOO = 6B; 



which are the portions of the base AB, belonging to the re- 
spective claimants; therefore, if lines be drawn from a and b 
to C, the triangular field will be divided in the required pro- 
portion, each claimant having the use of the watering-place 
at C. 

Note. In solving this Problem it ia not necessary to use the lengths of the- 
sides AC, CB, because all the threo triangles ACn, aCb, 6CB have a com- 
mon perpendicular; anil, therefore, their areas are as their bases. 

PltOBLEM III. 

To divide a triangular field of equal value throughout, either 
equally or unequally, among sundry claimants, by fences run- 
ning from any given point in one of its sides. 

The method of solving this Problem will be best shewn by 
the following 

EXAMPLE. 

Divide the triangular field ABC, the sides of which' measure 
30 chains = AB, 23 = B C, and 19 = A C, equally among 
three persons, by fences running from an occupation road that 
meets the side AB at H, which 13 14 chains from A, that all 
the three persons may have the use of the road at H. 

0 Divide AB into three 

equal parts in the points 
D, E; from H, (the 
point where the road 
meets A B) draw H Cj 
parallel to which draw 
D F, EG meeting AC, 
B C respectively, in F 
and G; and join HP 
and H G, in which di- 
rections fences being 
made, will divide the triangle as required. 




n is founded on the arena of triangles between 
ut it may be solved by actual measurement on 
:a of tiiu fallow in - jsrdiiiiiuary calculation. 
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Note. This method of solutic 
Ibe same parallels being equal : b 
the ground, by re 

ANOTHER METHOD. 

As AH ; AC : : AD = £ AB : AF, 
that is, 1400 : 1900 : : 1000 : 13574- lints — AF; 

and HBi B C : : EB = 1AB : B G, 
that is, 1600 : 2300 : : 1000 : 1437£ links = B G. 
whence the distances A F and B G may he measured from A 
and B ; and from the points F and G the fences of division 
may then be drawn to H. 

Note. When the claims of the several persons nro nneqnal, it will bo readily 
seen that A B is thou only required to be divided in the proportion of tlie several 
claims, as in the preceding Problem, after which tlie solution will be the same, 
as that just given. 

Pkobleh IV. 

7*o divide an irregular field with any number of sides among 
sundry claimants, so that, they may all have the use of a point, 
situated at a given point within the field. 

Note. The method of solving this Problem will hi best seen from tho method 
adopted in the following Example, in conjunction with the preceding Problems. 
EXAMPLE. 

Three persons Q, R, and S, bought a five sided field 
ABODE, having a pond therein at P; for which they paid 
respectively £1C0, £150, 



and £200; it is required 
to divide the field into 
parts, in proportion to 
each person's claim, and 
so that each may have 
the use of the pond P, 
the quality of the land 
being equal throughout. 
'The lengths of the sides 
and the perpendiculars 
on each of them to the 
centre of the pond P are 
as below, thus constitut- 
ing five triangles. 



d D 




Ali = 


864 


I'a = 


5(i0 


15 C = 


827 


PS = 


508 


CD = 


806 


P« = 




DE = 


682 


Prf = 


5-U 


EA = 


991) 


Ps = 


540 



Digitized D/ Google 



116 DIVIDING LAND AMONG VARIOUS CLAIMANTS. 
By multiplying eaah side by half the perpendicular tbercon, 

the sum of the five products will be the area of the field ; thus, 
864 x 280 = 241920 = area of APB, 

827 x 304 = 251408 = BPC, 

806 x 240 = 193440 = CPD, 

682 x 272 = 185304 = DPE, 

990 x 270 = 267300 = EPA. 



sum = 11 "39572 = acres, the area of the field. 
The sums paid for the field by Q, E, and S, are as the num- 
bers 2, 3, and 4, the sum of which is 9 ; therefore, 
9 : 11-39572 :: 2 : 2-53238 = Q's share, 

_ ; . : : 3 : 3-79857 = E's do. 

— : : : 4 : 5-06476 — S's do. 

Let DP be assumed the divisional fence between Q and S's 
shares; then the area of the triangle D P E = 1-85504 acres ia 
less than Q's share, therefore 

2- 53238 = Q's share, 
1-85504 = area of DPE, 

•67734 = difference. 

This difference roust be taken from the triangle E P A to 
sompiete Q's share; this is best done by dividing the said dif- 
ference by half the perpendicular Pe of the triangle EPA, and 
the quotient will be the distance E M: thus, 

£Pe = 270) 67736 (250-85 links = E M. 

The distance E M, being nearly 251 links must now be 
measured from E on E A, which will give the point M, and, 
a straight fence being set out from M to P. will cut off Q's 
share. 

The remainder of the triangle EPA, viz. 2'67300 — '67734 
= 1-99566 is less than R's share, therefore, 

3- 79857 = K's share, 

I 99566 = area MP A, 

1-80291 = difference. 
This difference must be taken from the triangle A P B to 
complete R's share, aa before: thus, 

£Pit = 280) 1-80291 (643-9 links = AN. 
This distance being measured from A towards B, will give 
the point N; and, the fence NP being now set out, will divide 
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the field as required; the triangles NPB, BPC, CPD 
making up the exact quantity required for S's share, as may be 
readily shewn by adding their three areas together, which will 
prove the accuracy of the work : thus, 

864 = A B 

643-9 = AN 



difference 220-1 = NB 
280= iPa 

61628-0= area NPB 

251408 = PBC 

193440 = CPD 



sum 5-06476 = S's share, which proves the work. 
Note 1. If some ur all of the fences of the field ABODE liad been crooked, 
the operation of division would have been the same, excepting tliat Ilie quan- 
tities of (he offsets would have to bo taken into the account, thus making a little 
additional calculation. ■ It will at once be seen that this method of division may 
be extended to any number cf claimants, whatever be the shape of the ground 
to be divided, the dotted lines from P to the angles of the field not requiring to 
be measured. 

Note 2. All the surveyors, who have written on the subject of this Problem, 
use what they call "guess line>" to effect the division, and correct the resulting 
error* by diviiliiiL; the douMe qnimtitie.j in evee^ or lief' by these; " £iii;-i 

fences. The student will at once perceive that this is a circuitous, Wondering, 
and unscientific method of proceeding, and should bo avoided In every case, 
except where the boundary is very crooked, and the divisional fences ere not 
required to be continuous straight lines. 

Note 3. In this Problem the division is effected and proved without the aid 
of a plan, but it would, perhaps, be better for the satisfaction of the claimants, 
as well as for the surveyor himself to plan the whole of the work ; especially as 
an error in the work might thus he more readily detected. 

Problem V. 

To set out from a field or common of variable value, a quan- 
tity of land, that shall have a given value, by a straight fence in 
a given direction. 

Xotk. This Problem presents a great variety of eases, the most simple of 
which shall bo first produced. 

Case I. — C AB D is a portion of a straight-sided field, right 
angled at A and B, and PQ a right line, also at right angles 
to AB, dividing the field into portions of different values; 
it is required to lay off a quantity of land aABi of given 
value, by a straight fence a b parallel to A B, 

N.B. Lines, such as P Q, are technically called quality lines. 
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Role. — Multiply AP, PB, respectively, by the. value of the 
adjoining land, take.the sum of the products, divide the value 
of the whole portion to be laid off with five cyphers annexed 
• by this sum, and the quotient will be the required breadth A a 
or B b. 



Let AP — 500, PB = 700 
links j the value of the land 
between A C and P Q £50, and 
that between P Q and B D £80 
per acre; it is required to lay 
out land to the value of £300, 
by a straight fence a b parallel 
to A B. 



Here 500 x 50 = 25000 
700 x 80 = 56000 




81000 = sum of products; and 
9)30000'000 = £300 \vith 5 cyphers annexed, 



370 37 = 370£ links nearly = A« = Bi. 

Note 1. If the "quality line" PQ be not perpendicular to AB.it may be 
mado bo by "giving and taking;" especially as the required breadth As may 
be nearly known by a rough calculation : besides, this liberty -with the quality 
line is usually admitted, since the exact boundary of different qualities of lands 
cannot be accurately defined. 

Note 2. This Problem ia of great importance, aa land of variable quality is 
very frequently required to be laid oat, in tlie enclosure of extensive commons, 
by straight fences in given directions for the purposes eithor of drainage or of 
irrigation. If any crooked portion of the land to ho inclosed, lie to tho left of 
AB, it must bo measured, valued, and deducted from the whole value of the 
land to be laid out; then the Rule, here given, may he applied to tho remain- 
ing value. . 

Note 3. If the three parallel straight lines An, B J, PQ, are not at the same 
time perpendicular to A U, the Hide just given, will equally apply, excepting 
that the distance of a b from A B must be laid off perpendicularly to AB. 

JJotk 4. This rule for laying out land of variable quality has not, to my 
knowledge, been given by any previous author, tho method of performing so 
simple au operation having been invariably by approximating to the true quan- 
tity by means of " guess lines." Ineutigation of the Rule. Put A P = n, 

PB = 6, Aa = Rl = x, m = value of land above PQ, n = value of land 
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bclaw it, V '= whole value lo be kid out, and i = squaro links in one ncra: 
then 2~^ = value of land adjoining AP and —j— = value adjoining PB; 

*~-f~ = v > whence 



am + bn' 

This rule may be obviously extended to any number of different qualities of 
land, bounded by parallel quality lines, by multiplying tho breadth of each 
quality by its price, and taking the auni of all tho products for a divisor. 

Case IX — When tho divisional line is required to pas3 
through a given point "W, where an occupation road and wa- 
tering place is situated, which i9 to be used by the owners of 
three or more shares of a common of variable value. 

Tho method of proceeding in this case will be best under- 
stood from the following 

EXAMPLE. 

Let DABCE be a portion of a common of variable value, 
W a watering place, and dW a road, 
forming part of the divisional line : 
it is required to set out a quantity 
of land of a given value V by a 
straight fence Wij m being = 
value of land between PQand RSs, 
n = value between R S s and T «, 
o = value between T u and C E, 
and p = value between PQ and Ad, 
the quantity of which is given by 
boundaries already determined. 

First draw W F perpendicular to 
C E, and find the value of the land 
to the left of a "W F, let this value 
= v which in this case is assumed to be less than the given 
value V; therefore, the quantity of land required to the right 
of WF will be V — v, which put = V, and having adjusted 
the portions of the quality lines S s, U w perpendicular to "W F, 
as per Note 1, Case L, let W S = a, S U = b, U F = c, 
their sum, or the whole distance, W F = s, and F b = x, 
the symbols denoting the different values of the land being 
given in the example, and I = square links in an acres : then 
___ 2lsV = „, 

* a?m + (2a + b)bn + (2a + 2b c~ico ' 
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which distance being measured, the straight fence Wfl may 
now be' set out, and the other shares to the right of d Wb may 
be next proceeded with, according to the method given in this 
or the following cases. 

THE ABOVE EXAMPLE IN NUMBERS. 

-yy g — a = 460, SU = £ = 400, UF = c = 420 links; 
(he values are m = £30, » = £40, and o = £60 per acre ; and 
the value V = £80: required the distance Ffi or x by the 
preceding formula. 

Here s = a + 6 + o = 460 + 400 + 420 = 12S0 links, whence 

2 X 1280 X "WOO X 80 

T = 460' X 30 4- (920 + 400) X 400 X 40 + (920 + 800 + 420) X 420 X 60 

- ! ?sassr 

which determines the position of the fence "W b. 

Note. This method possesses the advantage of being practicable on the ground 
without the help of either a mop or guess-line ; however, in the case of the 
division of commons a map is always necessary for the satisfaction of the several 
rmrties interested therein.— The. mrest! s <:tkm of formula, here given, is founded 
,„i simitar triangles combined with the same principle as that m Case I. If 
Iher0 be less than throe different qualities of land to he laid out, the symbols 
n-iWrhir io tin. :id. : .i tiuiuil finalities, umst lie made to vanish in the formula; 
and, if there be more than three qualities to bo laid out the law fur tho exten- 
sion of the formula is obvious. 

Case III. To set out from a field or common of any form, 

and of variable value, a quantity of land of given value by a 
straight fence in a given direction. 

EXAMPLE. 

Let CABD be a portion of a common, of variable value, 
from which it is required to set 
■ ^ y out a quantity of land of a given 

t value V, by a straight fence ab 
parallel to BN, the quality lines 
9 PQ, RS being so adjusted as 
to be perpendicular to l> N at p 
g and r respectively, as per Note 
1, Case I., and the value of the 
land between AC, PQ being = 
;) m, between PQ, BS = », and 

B — " >> between R S, E D = o. 

First find the value of the 
land in the triangle A N B, and if the fence AB had been 
crooked, the offsets would have to_ he included; the value of 
the land to the left of B N being supposed to be less than 
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Is required to make up the given value "V. Let the value of 
the land in the triangle AMB = », then the value of the land 
still remaining to be set out will be V — v, which put = V, 
let Np = a, p r = b, cB = c, p q = r s = x, cot. of the 
angle CNB = 2«, and cot. of the angle DBN = 2iB, the 
symbols denoting the different values of the land being al- 
ready given in the example, and / = square links in an acre ; 
then 

am + bn + ao */(am + bn + coy — 4(«n+fln)IP ««"**• 
which distance may be set out at any two points perpendicular 
to NB; and, if the land in question be a common, requiring 
the shares of several claimants to be set out, the quality lines 
may be again adjusted to the right of a b, and the next share 
may then be set out as before. 

Note 1. The investigation of the general formula, just given, is the same in 
principle as those in tlio preceding cases, being only a little more complex, on 
account of the land to be set ont not being rectangular, and therefore involving 
the solution of a quadratic equation, thus giving an apparent complexity to the 
result which will douhtless startle the generality of surveyors, who are accus- 
tomed to use "ffuesi iinei" when even the most trilling difficulty occurs, thus 
making repeated approximations to obtain the position of the correct divisional 
fences, which may be obtained at once by these methods, with even less calcu- 
lation than by guess lines, without naming the repeated measurements accom- 
panying these bungling operations. It would, therefore, appear that neither 
the surveyors, nor the writers on this department of surveying, have had the 
least acquaintance with the Mathematics, otherwise the results here given, 
which are comparatively void of extreme complexity, would" have been known 
long ago. 

NoTff 2. When one or both of the angles CUB, D B N are obtuse, their 
j cotangents a and fi-will be one or both negative respectively ; and when these 
angles are right ones, their cotangents vanish ; and the formula for the perpen- 
dicular breadth pq or r i becomes. 

ts= - iT = P q = r* 
which is the same as tho formula given in Case I., as it obviously ought to be 
Case IV. — When the boundary of the land to be laid out is 
very irregular, also when part of the divisional fence is prede- 
termined, either for the purpose of drainage or irrigation, and 
when the quality lines run irregularly. 

EXAMPLE. 

Let CABD be the boundary of a portion of common, from 
which it is required to lay out a portion of land of variable 
value, part of the divisional fence of which it is desirable to 
have in the direction of a watercourse abed, and the remainder 
of the divisional fence to run from d to/. 
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Join df, and find the value 
of the land included thereby and 
^ the other boundaries in ques- 
tion, and, thia value being found 
less than the required value, the 
remaining land still required 
may be determined by assuming 
two lines, so as to form a tri- 
angle on df, as a base, till the 
correct position of the remaining 
part d ef of the divisional fence 
shall be ascertained, it being 
advisable to let the angle e, in 
the required fence, fall on the 
quality line P Q, for the purpose of more readily calculating 
the area3 of the two triangles formed thereby, and from thence 
finding their valiies. 

Note. It will hern be proper to notice that surveyors who are unaccustomed 
to use mathematical formula, will mors readily and accurately make tbe divi- 
sions of commons, &c, by means of assumed or guess lines, than by the methods 
I have given in the three first Cases of this Problem. Their not having had 
any practice beyond finding the areas of triangles, &c„ gives them little confi- 
dence in more scientific methods, which they therefore view as chimeras, or at 
beat as methods very difficult to be understood. It is to bo hoped that the 
very general diffusion of science at tho present day will root out this ignorant 
prejudice. 

Problem VI. 

Case I. — To divide a common of uniform value among any 
number of proprietors, in proportion to the values of their re- 
spective estates. 

In this case,- the quantities and values per acre of each pro- 
prietor's estate must be determined, by survey if necessary, 
and the map, with tho quantity of the common, most also be 
prepared ; the value of the common, being uniform, is not 
required. 

TO FIND EACH PROPRIETOR'S SHARE. 
Rule. — As the sum of the values of each person's estate : 
the whole quantity of common to be divided : : the value of 
each person's estate : to that person's share. 

EXAMPLE. 

Divide a common of 100 acres among three persons, A, B, 
and C; A's estate is 120 acres at £4 ptr acre, E's is 180 acres 
at £5 per .acre, and C's 260 acres at £2 per acre. 
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£ £ 

120 x 4 = 480 
180 x 5 = 900 
260 x 2 = 520 

acres a. r. p. 

1900 : 100 :: 480 : 25 1 2 1 = A's share, 

: ;: 900 : 47 1 18-9 = B's do. 

: :: 520 : 27 1 18 9 = C's do. 



99 3 39-9 proof. 
The quantity of each person's share being now determined, 
the common may be divided by one or other of the methods 
already given. 

Case II. — To divide a common of variable value among any 
number of claimants, in proportion to the values of their respec~ 
five estates. 

In this case, the map of the common with the quantity of 
every different quality of land thereon, must be prepared, as well 
as the quantities and qualities of the several parts of each 
claimant's estate, in order that the values of both the common 
and each person's estate may be properly ascertained; the 
quality lines on the common being marked out by the valuer 
or valuers, previous to the survey being made. 

"When the survey of the common is completed and mapped, 
with the quality lines laid down thereon, the several qualities 
must be number 1, 2, 3, &c, with the values of the land cor- 
responding to each number, as determined by the valuers, who 
are usually called " Commissioners." Most surveyors use the 
letters of the alphabet to denote the different values of the land: 
thus a may represent five shillings, b six shillings, 8tc, per 
acre per annum. By using the letters in this manner a mul- 
tiplicity of figures, which may be confounded with other num- 
bers, is avoided. 

ROADS, QUARRIES, WATERING PLACES, &C, REQUIRED TO BE SET 
; OCT PREVIOUS TO ENCLOSING COMMONS, WASTES, &C 

Before the lands of a common or waste can be divided and 
allotted, both public and occupation roads must be set out in 
the most convenient manner; they Bhould be straight and, as far 
as practicable, at right angles to one another, a3 this arrange- 
ment not only facilitates the division of the land, but contributes 
greatly to the economy of cultivation with the plough. All old 
roads that may be deemed unnecessary may be stopped up and 
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allotted to the different claimants, or diverted into more con- 
venient directions, at the discretion of the Commissioners. 

Portions of the common are now to be set apart for quarries, 
sand or gravel pits, if such abound in the common. The 
ground, thus set out, is considered as the common property of 
the several claimants, for the purpose of building, making roads, 
&c. Also, if there are any good springs or ponds on the com- 
mon, they must be left unenclosed, in like manner, for common 
use ; or the water must be conveyed from them by drains or 
channels to more convenient situations, previous to the enclo- 
sure of the common. 

The lord of the manor in some places claims -^ s th of the com- 
mon, in some y^tti. &c. His claim, whatever it be, must be 
next set out, after its value has been determined from the whole 
value of the common. The lord of the manor will also be fur- 
ther entitled to his share of common, in proportion to his pro- 
perty, in the same manner as the other proprietors. 

Lastly, when the roads, watering places, quarries, sand and 
gravel pits, and manorial rights have been set out, the re- 
mainder of the common must be divided equitably, as it respects 
quantity, quality, and situation, among the proprietors of lands, 
tenements, houses, cottages, &c, situated in the parish or town- 
ship where the inclosure is to be made. 

THE METHOD OP DIVIDING AND ALLOTTING THE REMAINING 
PART OF THE COMMON. 

Having found the sum of the values of each proprietor's 
estate, and the whole value of the remaining part of the common' 
to be divided, proceed to find the value of each proprietor's 
share by the following 

Role. — As the sum of the value of each proprietor's estate, 
is to the whole value of the common remaining to be divided, 
so is the value of each proprietor's estate to his share of the 
value of the common. 

It will be quite unnecessary to give an example in this case, 
as the laying out of the shares of the several claimants, after 
their respective values have been found by the above Rule, 
would only be a repetition of the methods already given, on a 
large scale ; and after the work of laying out the several inclo- 
sures on the ground has been completed, the last enclosure or 
share of the common must be of the same value as that assigned 
by the rule, or so very near to it that the error is of no im- 
portance; otiierwise a mistake has been made which must be 
immediately rectified. 
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For further information respecting the law for the inclosure 
of commons, waste lands, &c, the student may consult the 
following 

ACTS OF PARLIAMENTS. 

GENERAL ACT. 

" An Act for consolidating in one Act, certain provisions 
usually inserted in Acts of Inclosure ; and for facilitating the 
mode of proving the several facts, usually required on the 
passing of such Acta." (Act. 41 Geo. III., chap. 109. 1801.) 

Since the General Act, the following Acts have been passed, 
relating to inclosures. 

1. " An Act to amend the Law respecting the inclosing of 
open fields, pastures, moors, commons, and waste lands in Eng- 
land." (Act 1 & 2 Geo. IV. chap. 23; April 19th, 1821.) 

2. " An Act for facilitating the inclosure of open and arable 
fields in England and Wales." (Act 6 & 7 Will. IV. chap. 115; 
August 20th, 1836.) 

3. " An Act to extend the Powers and Provisions of the 
several Acts relating to the enclosure of open and arable fields 
in England and Wales." (Act 3 & 4 Vict, chap, 31 : July 
23rd, 1840.) 

4. " An Act to facilitate the enclosure and improvement of 
commons and lands held in common, the exchange of lands, and 
the division of intermixed lands ; to provide remedies for de- 
fective or incomplete Executions, and for the non-execution ot 
the Powers of general and local Inclosure Acts; and to provide 
for the revival of such Powers in certain cases." (Act 8 & 9 
Vict. chap. 118 ; August 8th, 1845.) 

5. " An Act to amend the Act to facilitate the inclosure and 
improvement of commons.'' (Act 9 & 10 Vict. chap. 70; August 
26th, 1846.) 

Note. All the above Acts may be procured through any bookseller In town 
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ENGINEERING SURVEYING. 



PART II. 
LEVELLING. 
CHAPTER L 

DEFINITION OF LEVELLING. 

Br the art of levelling the inequalities of the upper boundary 
of any section of the earth's surface may be shewn, and thence 
may be determined the several heights of any number of points 
in that boundary, above or below an assumed line, called a level 
line; though, iu reality, this line is a great circle of the earth, 
and is such as would be derived from a section of the surface 
of still water. 

LEVELLING INSTRUMENTS. 

(I,) Levelling instruments all depend on the action of gra- 
vity: of these the plumb-line, on which the mason's level de- 
pends, is the most simple; but it cannot be used in extensive 
operations, on account of its practical inconvenience. The 
fluid, or water level, in all its modifications, is also found in- 
convenient for extensive practice. 

(2.) Spirit levels are now commonly used, as the most ac- 
curate instruments for finding the differences of level, or ver- 
tical distances between two stations : of these there are three, 
which we shall proceed to describe, namely, the Y level, 
Troughton's, and Gravatt's levels. 
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The foregoing figure represents this instrument. A is an 
achromatic telescope, resting on two supporters, which in shape 
resemble the letter Y; hence the name of the instrument. The 
lower ends of these supporters are let perpendicularly into a 
strong brass bar, which carries a compass box C. This com- 
pass is convenient for taking bearings, and has a contrivance 
for throwing the needle off its centre, when not in use. One 
of the Y supporters is fitted into a socket, and can be raised or 
lowered by the screw B. 

Beneath the compass box, which is generally of one piece 
with the bar, is a conical axis passing through the upper of two 
parallel plate3, and terminating in a ball supported by n socket. 
Immediately above the upper parallel plale is a collar, which 
can be made to embrace the conical axis tightly by turning the 
clamping screw E; and a slow horizontal motion can be given 
to the instrument by means of the tangent screw D. The two 
parallel plates are connected together by the ball and socket 
already mentioned, and are set firm by four mill-headed screws, 
which turn in sockets fixed to the lower plate, while their headj 
press against the under side of the upper plate, and thus serve 
tMB purpose of setting the instrument truly level. 

Beneath the lower parallel plate is a female screw, adapted 
to the staff head, which is connected with brass joints to three 
mahogany legs, of exactly the same construction as those already 
described for supporting the theodolite. 

The spirit level 1 1 is fixed to the telescope by a joint at one 
end, and a capstan -headed screw at the other, to raise or de- 
press it for adjustment. 

(3.) Previous to using this instrument tbe following adjust- 
ments must be attended to. 

1. The Adjustments of the telescope for parallax and collima- 
tion. 

2. The adjustment of the bubble tube. 

3. The adjustment of the axis of the telescope perpen died a fly 
to the vertical axis. 

1. The adjustment for parallax and collimathn have already 
been described, (p. 76,) being the same as those required for 
the theodolite. 

2. The adjustment of the bubble tube. — Move the telescope 
till it lies in the direction of two of the parallel plate screws, 
and by giving motion to these screws bring the air-bubble to 
the centre of its run. Now reverse the tele=c pe carefully in 
tbe Ys, that is, change the places of its ends; and should the 
bubble not settle in the same point of the tube as before, it 
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8hew3 (hat the bubble tube is out of adjustment, and requires 
correcting. The end to which the bubble retires must then be 
noticed, and the bubble made to return one half the distance by 
turning the parallel plate screws, and the other half by turning 
the capstan -headed screws at the end of the bubble tube. The 
telescope must now again be reversed, and the operation re- 
peated, until the bubble settles at the same point of the tube, in 
the centre of its run, in both positions of the instrument. The 
adjustment is then perfect, and the clips that confine the tele- 
scope in the Ys should be made fast. 

3. The adjustment of the axis of the telescope perpendicularly 
to the vertical axis, — Place the telescope over two of the 
parallel plate screws, and move them, unscrewing one while 
screwing up the other, until the bobble of the level settles in 
the centre of its run; then turn the instrument half round on 
its vertical axis, ao that the contrary ends of the telescope may 
be over the same two screws, and, if the bubble does not again 
settle in the same point a3 before, half the error must be cor- 
rected by turning the screw B, and the other half by turning 
the two parallel plate screws, over which the telescope is placed. 
Next turn the telescope a quarter round, that it may be o^pr 
the other two screws, and repeat the same process with these 
two screws; and when, after a few trials, the bubble maintains 
the same position in the centre of its run, while the telescope is 
turned round on the vertical axis, this axi3 will be truly ver- 
tical ; and the axis of the telescope being horizontal, by reason 
of the previous adjustment of the bubble tube, will be perpen- 
dicular to the vertical axis, and remain truly horizontal, while 
the telescope is turned completely round. The adjustment is 
therefore perfect. 

tkodghton's level. 




(4.) In this level the telescope T rests close down upon the 
horizontal bar b b, the spirit level / / is permanently fixed to the 
top of the telescope, and doe* not therefore admit of adjustment; 
and the compass box C is supported above the level by four 
small pillars, attached to the horizontal bar. This construction 
makes the instrument very firm and compact. Its parallel 
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plates and supporting parts are the same as those already de- 
scribed for the theodolite. 

The diaphragm is furnished with three threads, two of them 
vertical, between which the levelling staff' may be seen, and the 
third, horizontal, gives the reading of the staff by its coin- 
cidence with one of the graduations marked upon it. Some- 
times a pearl micrometer scale is fixed on the diaphragm, 
instead of the wires. The central division on the scale, in this 
case, indicates tbe collimating point, and by its coincidence 
with a division of the levelling staff gives the required reading 
on the staff; and the scale serves the purpose of measuring 
distances approximately, and of determining stations nearly 
equidistant from the instrument, since at such equal distances 
the staff will subtend the same number of divisions on the mi- 
crometer scale. 

The line of collimation is set perpendicular to the vertical 
axis, in the same manner as in the theodolite already described. 

This level is preferred by many, on account of its adjust- 
ments not being likely, after they are once perfected, to become 
deranged. 

gravatt's level. 




(5.) This instrument is furnished with an object-glass of 
large aperture, and short focal length ; and, sufficient light 
being thus obtained to admit of a higher magnifying power in 
the eye-glass, the advantages of a much larger instrument are 
secured, without the inconvenience of its length: — it is hence 
called " the dumpy." The diaphragm is carried by the internal 
tube a a, which is nearly equal in length to the external tube. 
The external tube T T is sprung at its aperture, and gives a 
steady and even motion to the internal tube a a, which is thrust 
out, and drawn in, to adjust the focus to objects at different 
distances by means of the milled headed screw A. The spirit 
level is placed above the telescope, and attached to it by cap- 
stan-headed screws, one at each end, by means of which the 
bubble can be brought to the centre of its run, as in the case of 
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the T level, already described. The telescope is attached to a 
horizontal bar in a similar manner as Troughton's level, but 
room is j list left between the telescope and bar for the compass 
box. A cross level k is placed upon the telescope at right 
angles to the principal level / 1, by which we are enabled to set 
up the instrument at once nearly vertical. A mirror m mounted 
upon a hinge-joint is placed at the end of the level //, so that 
the observer, while reading the staff, can at the same time see 
that the instrument retains its proper position — a precaution by 
no means unnecessary in windy weather, or on soft spongy 
ground. 

The telescope is attached to the main bar by capstan -headed 
screws B B, as in Troughton's- level, by which the line of colli- 
mation is set perpendicular to the vertical axis; and the instru- 
ment is set upon parallel plates, &c, like the theodolite and the 
levels already described. This level is much preferred and 
used by many engineers. 

(6.) After having treated of the more perfect levelling in- 
struments, it will now be proper to describe the water level, a 
very simple instrument, adapted to give a rapid delineation of 
any section of the earth's surface, where very strict accuracy is 
not required. It can be made hy any workman, will cost but a 
few shillings, and requires no adjustment when using it. It is 
greatly to be recommended £ farmers for determining the levels 
for draining their lands. 




" ab is n hollow tube of brass, about half an inch in dia- 
meter, and about three feet long; c and d are short pieces of 
brass tube of larger diameter, into which the long tube is sol- 
dered, and are for the purpose of receiving the two small bottles 
e &nif, the ends of which, after the bottoms.have been cut off, 
by tying a piece of string round them when Heated, are fixed in 
their positions by putty or white lead; the projecting short 
axis g works in a hollow brass cylinder h, which forms the top 
of a stand : but it may be made in a variety of ways, so as to 
revolve on any light portable stand. The tube when reouired 
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for use, is filled with water, coloured with lake or indigo, till it 
nearly reaches the necks of the hottles, which are then corked 
for the convenience of carriage. On setting the atand tolerably 
level with the eye, these corks are both withdrawn, which must 
be done carefully, and when the tube is nearly level, otherwise 
the water will be ejected from one of the hottles ; and the sur- 
face of the water in the bottles, being necessarily on the same 
level, gives a horizontal line in whatever direction the tube is 
turned, by which the vane of a levelling staff may be adjusted." 

LEVELLING STAVES. 

(6.) The best constructed levelling staff (Grnvatt's) consists 
of three parts sliding one within another, and, when opened out 
for use, forms a staff 17 feet long, jointed together something 
after the manner of a fishing rod. The whole length is divided 
into hundredths of a foot, alternately coloured black and white, 
nnd occupying half the breadth of the staff; but for distinctness 
the lines denoting tenths of feet are continued tha whole 
breadth, every half foot or five tenths being distinguished by a 
conspicuous black dot on each side, the whole feet being num- 
bered with the figures 1, 2, 3, &c. 

CORRECTION FOR CURVATURE. 

(7.) Let BDEbea horizontal line, that is, such as would 
be given by the line of sight of a level, properly adjusted; 
B C P an arc of a great circle of the earth, and A its centre. 
It will at once appear from the 
figure, that the heights DC, EF, of 
the apparent level BE, above the 
true level increase successively from 
the point B. The height EF of the 
apparent level above the true, is 
equalto the square of the distance 
B E divided by twice the carth*3 

radius A B, that is E F = ,* 

B D 3 

and similarly D C = g^g- 

therefore the corrections for curva- 
ture, D C, E F, &c, vary as the 
squares of the distances BD, BE, &c., since 2AB is a constant 
quantity. 

Taking the earth's radius to be 3979 miles, and assuming the 
' The demonstration of this formula is given in my edition of Neebit'a Sur- 
veying, p. 348. 
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distance 'BD to be 1 mile, then the correction for curvature 
DC =f D 2 4-2AB = P h- 7958 = ^ of a mile = 7 962 
inches =* nearly 8 inches. If the distance B E = 3 milea, then 
the" correction EF = BE ! t2AB = rfy-j = 71658 inches, 
or nearly-6 feet. 

Let any distance B D = d in milea, and the correction for 
curvature for 1 mile be taken = 8 inches = \ of a foot, which 
it is very nearly; then 

2 <f a „ 
correction =m feet, 

for any distance rfin miles: 

and let = d, c being chaina ; then 

2rf» 2 x 12 c* c* . . 
correction g y = — inches, 

for any distance c in chains. 

• CORRECTION FOB REFRACTION. 

(8.) The effect of the earth's curvature is modified by another 
cause, arising from optical deception, namely, refraction ; the 
correction for which varies with the state of the atmosphere, but 
it may generally he taken at \ of the correction for curvature, as 
an average; and since refraction makes objects appear higher 
than they really are, the correction for it must be deducted from 
that for curvature. 

EXAMPLES. 

1. Required the correction for curvature and refraction, when 
the distance of the object is 2\ milea. 

2 9 v (v25 

- x (2-5 2 ) = * 3 = 4-166 cor. for curvature. 

\ of which is -595 cor. for refraction. 

Difference 3 - 57l feet, cor. required. 

2. Required the correction, as in the last example, when the 
distance is 60 chains. 

60 a -r 800 = 4.5 cor. for curvature, 
f of which is '643 cor. for refraction. 

Difference ... 3-857 inches, cor. required. 

3. From a point in the Folkstone road, the top of the keep of 
Dover Castle was observed to coincide with the horizontal wire 
of a levelling telescope, when adjusted for observation, and 
therefore was apparently on the same level ; the distance of the 
instrument from the castle was 4J miles, required the correction 
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for curvature and refraction, that is, the true height of the keep 
of the castle above the point of observation. 

| x (4-5) 2 = ^~ = 13-5 feet, cor. for curvature. 

| of which = 1-93 feet, cor. for refraction. 

Difference = 11-57 feet, cor. required. 

See also the tables for these corrections at the end of the booh, 

PRINCIPLES AND PRACTICE OF LEVELLING. 

To find the differences of the levels of several points on the 
surface of the earth. 

(9.) Before entering on this subject, it will be proper to 
state that the corrections for curvature and refraction, already 
explained, are seldom applied in the practice of levelling, the 
spirit level being usually placed midway between the stations, 
the levels of which are to be observed, hence the resulting cor- 
rections for each station are equal, and therefore the difference 
of the levels at the two stations is as truly shewn by the dif- 
ference of the readings of the two staves fixed thereon, as if 
the corrections had been made. Thus the trouble of making 
these corrections is avoided by simply placing the instrument 
midway between the two staves. 

(10.) Let it be required to find the difference of level between 
the points A and G. — A levelling staff is erected at A, the in- 
strument is set up and adjusted at B, another staff is also erected 
at C, at the same distance from B that B is from A, as nearly 
as can be judged by the eye; the readings of the two staves are 




then noted ; the horizontal lines, connecting the staves with the 
instrument, represent the visual ray or level line of sight. 
The instrument is then conveyed to D, and the staff that stood 
at A is now removed to E, the staff C retaining its former po- 
sition, only its graduated side turned to the instrument, and 
from being the fore staff at the last observation, it is now the 
back staff: the reading of the two staves are again noted, and 
the instrument removed to F, and the staff C to the point G, 
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the staff at E retaining its position, now in its turn becomes 
the back staff, and so on to the end of the work, which may 
thus be continued to any extent. The difference of the readings 
of the staves at A and C will shew the difference of level 
between the points or stations A and C, because the visual line 
of the instrument is virtually level, and the same is true with 
respect to every two consecutive stations. 

EXAMPLE. 

Back sight on staff A 10*66 feet. 

Fore sight on staff C 11 '78 

The fall from AtoC 1-12 difference. 

Because when the front reading is the greater the ground 
falls and vice versa. 

Back sight on staff C 13-36 

Fore sight on staff E 9-16 

The rise from C to E 4-20 

Subtract the fall from A to C... 1-12 

The rise from A to E 3-08 difference. 

Because the rise from C to E is greater than the fall from A 
to C, their difference shews the total rise. 

Back sight on staff E 7'62 

Fore sight on staff G 8-16 

The fall from E to G 0-54 difference. 

This fall taken from the rise from A to E, that is, 
3-CH 
0-54 

gives the total rise from A to G 2-54, or nearly 2 

feet 6h inches. 

The difference of the sums of the back and fore readings of 
the staves, will more readily give the difference of level between 
A and G : thus, 

Back sights. Fore sights, 

feet. feet 
10 66 at A 1178 at C 

13-36 at C 9 16 at E 

7-62 at E 816 at G 

isnras 31-64 29-10 
29-10 

2'54 (Mirence oflevcl, the- same as before. 
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(11.) The following is an example of levelling performed at 
only one operation, and will therefore require the correction for 
curvature and refraction. 



It ia required to drain a pond by making a cut to a stream 
at B, at a distance of 60 chains : let a level be set up ami ad- 
justed at C, and then directed to a staff, held upright, at the 
edge of the water at B, The horizontal line C D represents 
the line of sight, cutting the staff at D, the reading being 15'84; 
the height of the instrument above the ground was 4 - 8 feet, 
and the depth of the pond 10 feet: what is the difference of 
level between the bottom of the pond and the surface of the 
stream ? 

ft. dec. 

Reading of the staff 15-34 

Height of the instrument 4-80 

Depth of pond 10-00 

Correction for curvature and refraction 
for 60 chains — (see tables at the end 

of the book) 0-32 

— - 15-12 

Difference of level 0-72 

which is little more than 8£ inches, and just a sufficient fall to 
make the water run freely from the bottom of the pond to the 
surface of the stream at B; it having been found in practice 
that a less amount of descent than from 8 to 12 inches per mile 
produces no efficient current for the purpose of drainage. 
10 DRAW A. SECTIONAL LIKE OF SEVERAL POINTS IN THE 

EARTH'S SURFACE, THE LEVELS OF WHICH HAVE BEEN 

TAKEN (fig. p. 138). 

(12.) Let. a, b, c, d, e,Jl and g be the severa points; then, in 
order to draw the section to shew the undulations of the ground 
between a and g, the distances of the several points from a, in 
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addition to their levels, must be taken; this is usually done 
during the operation of levelling. These distances, with the 
back and fore eights, may be arranged in a level book of the 
following form, which, though not the form practically used, 
will probably be more clearly understood. 



LEVEL BOOS. 



Bock 
Sights. 


Fore 
Sights. 


Fall. 


Rise. 


Reduced 
Levels. 


Distances in Chains, and I! '.'mark?. 


3-50 
410 

3- 84 

4- 14 
10-49 
12-96 


6'6a 
10-85 

12-91 
7-65 
3-92 
3-03 


2- 15 
•675 

9-07 

3- 53 


6-57 
9-93 


2-15 

8- 90 
13-11 
22-18 
25-71 
19-14 

9- 21 


4-60 at b on road, 

7-80 at c. 
11-60 at <i 
15-20 at e. 

bottom of canal, distance2-16 
21-00 at/. 
27-00 at'ff. 


44-05 


53-26 
44-05 










diff. 


9-21 


the 


Mime 


as the last of the reduced levels. 



In this level book it will be seen that the differences 2-15 
and 6'75, in the column marked Fall, are added together, 
making 8 90, thus giving the fall at c, in the column marked 
E educed Levels : to this sum the succeeding falls are added, 
one by one, till we get the fall 25-71 at the bottom of the canal, 
which is the lowest point. Then the differences in the column 
marked Rise, are subtracted successively from 25*71 for the 
falls at / and the latter of which is 9*21, the total full from 
a to g, which, agreeing with the difference of the sums of the 
back and fore sights, shews the truth of the castings, Thi 
last column shews the distances of the several points b, c, &c., 
from a, in chains, with other remarks, 

DATUM LINE. 

(13.) The section might be plotted by laying off the distances 
in the last column in the preceding level book on a horizontal 
line, and setting off their corresponding numbers of feet, in the 
column marked Reduced Levels, perpendicularly below the line; 
hut it is found inconvenient in practice to plot a section in all 
cases after this method, as in extensive operations the reduced 
levels would repeatedly fall above and below the line in ques- 
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tion, and thus confuse the operation ; therefore a line AG- called 
" the datum line" is assumed at 100, 200 feet, See, below the 
first station a; thus making that line always below the sectional 
line af, of which a clearer view may be obtained. 

(14.) In the following practical level book the rise or fall is 
respectively added to or subtracted from the assumed distance 
of the datum line, and the next rise or fall, again added to or 
subtracted from the sum or difference : — thus 2*15, being a fall, 
is subtracted from 100 (the assumed distance of the datum line) 
leaving 97-85 feet, the height of the ground at It: the next fall 
6-75 is then subtracted from 97-85, leaving 91-10 feet for the 
height at c^and so on to 3'53, which is the last fall: — the next 
657, being a rise, is added, as well as 993 ; — thus the last re- 
duced level is 90-79 feet, which taken from the datum 100 
leaves 9-2 1 feet, agreeing with the differences of the sums of the 
back and fore sights, and of the sums of the rises and falls, and 
shewing the work of casting to be correct. Thus are obtained 
a series of vertical heights to be set off perpendicularly to the 
datum line, through the upper extremities of which the sectional 
line must be drawn. 

PRACTICAL LEVEL BOOK. 
(Datum line 100 feet below the bench mark at A.) 



Back Fore 
Sights. Sights. 



3- 50 

4- 10 

5- 04 
3-84 
4*12 

10-49 
12-96 



5-65 
10-85 
9-25 
12-91 
7-65 
3-92 
3-03 



68-26 
44-05 



25-71 
16-50 



IOO-OOd 
97-85 
91-10 
86-89 
77-82 
74-29 
80-86 
90-79 

100-00 



chains. 

4-60 
7-80 
11-60 
15-20 



21-00 
27-00 



{B M on road 
to lime kilns. 

! Bottom of 
canal,distant 
2-80 chains, 
to B. M. at g. 



9-21 diff. = 9-21 : 



I iff. between last 
reduced level and 
datum. 



In laying down the sectional line from the above columns of 
reduced levels and distances, the former are always taken from 
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a much larger scale than the latter, otherwise the undulations 
on the surface of the ground would, in many cases, be hardly 
perceptible. 

Draw the horizontal line A G, setting off the distances A B. 
A C, Sec, as in the column of distances, that is, AB = 4.60 
chains, A C = 7-80, &c; then draw Aa = 100 feet, perpen- 
dicular to A G and parallel to A a draw B b, C c, &c, setting 
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off their heights 97-83, 91-10, &c, respectively from the column 
of reduced levels, and through the points a, b, c, &c, draw the 
required sectional line ag. 

Note. — The above operations, though extremely simple, require great care, 
otherwise, in extensive works of this kind, errors creep in imperceptibly, to 
cheek which the- agreement of the differences in the level-book is essential. 

. , . 1 ■ RUNNING A CHECK LEVEL, 
(IS.) We shall now give an example of a simple kind to lend 
the way to more complicated operations. When a section 
of a line of country has been completed, it is in most cases 
necessary to check it3 accuracy by repetition; but in doing this 
it i3 seldom requisite to level over precisely the same line of 
ground, unless there is cause to suspect its general correctness, 
but to follow the most convenient and nearest route, and at 
intervals to level to some known points on the exact line of 
section, which will give their differences of level : the points 
thus selected are generally what are called bench marks, being 
notches cut on gate posts, stumps of trees, mile or boundary 
stones, or any similarly immoveable objects, contiguous to the 
line of section, and at frequent intervals. These bench marks 
are made by the person who first takes the section, and are 
sometimes previously determined upon. When the section i3 
complete, their relative heights with respect to the base or 
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datum line of the section becomes known; hence they may be 
considered as so many fixed points on the line, easily recog- 
nisable, from whence any portion of the work may be levelled 
over and over again. 

From what has been said it is clear that in taking running 
or check levels, the use of the chain and compass attached to 
the level is not wanted, the distances and bearings having all 
been previously taken. 

An example of this kind of operation is represented in Plate 
I., where both the ground plan and section arc shewn. The 
strong black line on the plan is that of the section to be 
checked, and extends from a bench mark at the town A, in a 
winding direction, to another bench mark in a town B; this 
originally formed a portion of a more extensive survey. The 
route taken in proving the work is shewn on the plan by a 
dotted line, and was confined to the public roads, as being the 
most convenient route, especially as it crossed the line several 
times, by which a number of intermediate points could bo 
checked. Previous to giving the particulars of this example, 
the method of performing the operation of levelling shall be ex- 
plained more in detail than has yet been done. 

The staff-holdwmust first place his staff perpendicularly on 
the bench mark from whence the levels are to commence; the 
surveyor must next set up his spirit level on the most con- 
venient ground that presents itself, and so that he may have an 
uninterrupted view of the line he intends to level ; the station 
chosen should not bo more than four or five chains from the 
staff-holder, where, having fixed the legs of the level firmly in 
the ground, the surveyor must adjust his level for observation 
in the following order:— "first he must draw out the eye-piece 
of the telescope till he can see the cross wires perfectly well de- 
fined; then, directing it to the staff, he must turn the railled- 
headed screw, on the side of the telescope, till he can likewise 
distinguish, with the utmost possible clearness, the smallest 
gradations on the staff: that these two adjustments be very 
carefully and completely performed, is of more consequence than 
is generally supposed, for on them depends the existence or 
non-existence of parallax." 

" The adjustment of the eye-piece to obtain distinct vision, 
when once properly made, is not likely to require alteration for 
the whole day, unless it be accidentally deranged ; but that of 
obtaining distinct vision of the distant staff (together with the 
one we shall next describe) must be performed at every station 
as it varies with the distance of the staff. 
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" Having made the above adjustments perfect; bring the 
spirit bubble to the centre of its run, which position it must 
retain in every direction of the telescope ; or, in other words, 
the bubble must indicate a true level during the time the tele- 
scope 13 turned completely round ; this is accomplished by 
bringing the bubble successively over each pair of parol lei -plate 
screws, and giving them motion by screwing up one while un- 
screwing the other to a like extent; but if the telescope is sup- 
plied with a cross level, as in that of Gravatt's, the two bubbles 
being at right angles to each other, they will at once shew 
which pair of screws require turning, in order to indicate the 
trae level. 

" The level being now adjusted for observation, it must be 
directed to the back staff, and with all possible exactness the 
foot and decimal fraction of a foot must be noted, with which 
the central part of the horizontal wire appears to be coincident, 
which enter in the proper column of the level book. This 
column should be headed ' Back Sights ' as in the preceding ex- 
ample (Art 14), As soon as it is registered, see that the 
bubble has net removed from its central position, and then re- 
peat the observation to ensure that no mistake has been made: 
this should be invariably done to guard agai4)t error." 

The telescope of the level must now be turned round to the 
fore staff, the object glass and bubble heing again adjusted, if 
required, in the manner already described, and the reading of 
the staff observed and entered in the level book in the column 
headed " Fore Sights," verifying the observation as before by 
seeing that the bubble is still in its place, &c. It may he here 
proper to remark, thai the surveyor's merely walking round the 
instrument, or accidentally striking one of its legs with his foot, 
will derange the level indicated by the bubble, especially where 
the ground is newly tilled or soft and spongy: therefore, the 
legs of the instrument should always be fixed firmly in the 
ground. To do away with this inconvenience, as far as pos- 
sible, Gravatt's level (Art. 5.) ha3 a reflector fixed on the top 
of the telescope, by which the observer can see both the staff 
and the reflected image of the bubble at the same time, and 
thus can make his observation at the instant he sees the bubble 
in its proper position. The foregoing description of the method 
of taking levels is general, and applies equally to every kind of 
levelling operations, we shall hereafter add such additional par- 
ticulars as will require attending to, when taking levels for the 
formation of a section. The two first observations being com- 
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pleted, the surveyor must remove the instrument to the next 
station and'set it up a second time, the person who held the back 
staff", removing it as far beyond the instrument a3 the instru- 
ment is beyond the staff, which has now become the back staff, 
and which must not be moved, except that its graduated side 
must be turned to the instrument. The observations may now 
be repeated in every respect the same as the two last described, 
and so on to the end of the work ; excepting in cases where 
" long sights " are taken) in which the correction for curvature 
and refraction must be applied, as in the example (Art. 11.); 
but these cases seldom occur in practice. The explanations 
just given, are of a more detailed character than those given in 
(Art. 10.), as it must be borne in mind that this work is for the 
instruction of those who are unacquainted with the subject, 
and who ought not to be led into tedious details all at once. 

The method of taking check levels being now explained, 
we shall next refer to the example, in which as already 
stated, " the levels were taken along the public road shewn 
by the dotted line (Plate I.,) as being the most convenient 
route between the town A and B, avoiding the necessity of 
passing through private property; the strong black line on 
the plan shews where the original section was taken ; the 
section itself is shewn above the plan, and is drawn from two 
scales, the one giving horizontal measure, is the same as that 
of the plan, that is, one inch to the mile ; and the vertical scale 
£ inch to the 100 feet. From this section it appears that 
the crown of tbe bridge at A is 14 feet above the datum line 
D E of the section, and that the bench mark (a stone by the 
road side,) at B is 111 feet above the same datum ; therefore 
the difference of level between the two places is 111 — 14 = 97 
feet. Now by referring to our level book, of which we have 
subjoined a copy, we make the difference of level to be 96-8 
feet, differing from the original section only 0-2 of a foot, or 
2-4 inches, a quantity that maybe disregarded; tbe inference 
to be drawn from such a coincidence in the two results is, that 
the whole of the section between the points in question is 
sufficiently correct. 



LEVEL BOOK FOR RUNNING OB CHECK LEVELS. 



Back Sights. 


Fore Sights. 


Remarks. 


* 0-34 


3'16 


Hack © on U.M.* on the bridge at A. 


5-86 


5-61 


4-19 


4-24 


Forward © at corner of road leading 


5 ' 44 


1 *20 


[to B. 


4 '96 


3 '20 






At crossing or line. 


6-10 


2-00 




5-33 
5 "91 


3-96 
1 '83 




3 "70 


0"90 




6 "02 


1'21 


Staff placed on post notched for B.M. 


n 

3*53 
3*96 


4-00 
6*0/ 
5 '34 


At crossing of line. 




3-94 


4-81 




3 "98 


6 '08 




4-08 


4 '94 


Upon line. 






A OA 

f ;* 


2 '42 




1 "54 


5* 12 
4 "97 




5 "04 


1 '60 




2 "24 


3 '86 


Upon line. 


7-25 


1-89 


4- 03 


1-30 




9 - 54 


0"19 




6 70 


1-70 




9-40 


4-06 




6-44 


0'38 




140-89 


91-32 


Sums 


91-32 






49-57 




Difference. 



* B. M. signifies bench mark. 
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Bock Sights. 


Fore Sights. 


Remarks 


49-57 




Brought forward. 


11*00 


0 - 46 


5-98 


1-30 




11 -12 


1-78 




9-84 


2*20 




0-18 


0-32 


Upon line. ■ 


4-72 


0-10 


8*89 


0-77 




10-02 


0'92 




10*00 


1-03 




8-58 


1-19 




9-53 


1-18 




9-90 


to 68 




9*04 


0*35 




10-00 


8-52 




3-00 


11-55 




3 "68 


0-88 




7*21 


8-75 




1-99 


10-48 




0-65 


10-00 




4' 48 ■ 


10 44 




7-47 


10-30 




1-55 


11-70 




2-45 


9-88 




3-78 


1*04 




6-64 


2-65 


Forward © on B. M. called B. 


205-27 


108-47 




108-47 






96-80 


Diff. = 


Difference of levels between A and B. 

1 



The difference of the sums of the back and fore sights 
being nearly 97 feet, proves that the bench mark at B is higher 
by that distance than the bench mark at A, as shewn by the 
section. 
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LEVELS FOB THE FORMATION OP A SECTION. 

(16.) The next most simple case that can occnr, is to take 
the levels of a line of country, where the ground plan is already 
made, and the line of section determined upon and marked out 
on the plan. Here, in addition to what is required in running 
or check levels, the distances to the several stations of the 
levelling staves from the starting point must be measured. 
Plate II. represents an example of this kind of work, the sur- 
vey of the land having been completed, and the plan of the 
fields, fee, drawn: the strong black line A B was the direction 
determined upon, as the most suitable for an intended line of* 
railroad, and the section was accordingly taken : — bench marks 
had been previously agreed upon at the extremities A and B, 
from whence other surveyors could take up the levels and 
carry them onwards in both directions. 

Two additional assistants are required in this case, to mea- 
sure the distances of the stave stations along the lines while the 
operation of levelling goes on, which is the fame in every 
respect as that already described for check levels, excepting 
that,.in this case, the operation is conducted upon the strong 
black line A B, on the surface plan, a copy of which must be 
in the surveyor's possession to direct him, and the distances of 
the several stave stations must be noted in the level book, in 
the column marked " Distances." 

The following is the level book of the example given in 
Plate II., shewing the manner of keeping it, and also the 
method of reducing the levels to obtain the actual heights of 
each station above the datum line E F, which is placed 100 
feet below the starting point A, for convenience of drawing 
the section. The whole operation being similar to that already 
given at Art. (14), excepting that here and in the preceding 
example we give the particular manner of performing the 
several parts of the field work, in order that it may be clearly 
understood by those who are unacquainted with the subject, 
as it is presumed that, in a short time, railways will become 
the common means of transit, both for passengers and goods, 
throughout every country of the civilized world. 
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THE LEVEL BOOK FOR PLOTTING THE SECTION. 

(Datum 100 feet below the station A.) 





Sights. 


Rise. 


Fall. 


Reduced 


Distances 


Remarks. 
































































































































3-40 


10-32 




' f-02 


84- -■ 


3 'r6 












































































1-36 


8-48 




137--2 


8369 
































10-96 


14-4G 




3-50 


128*36 


9679 


[links. 












































0-00 


7-43 




9-43 




11423 


Forward Pi at co 






























6-10 


I'M 






87-69 


15650 




10-20 
6*86 


9'40 
0-40 


0-80 
6*46 




8 8 '49 
B4-9S 


17345 
19135 




11-00 


3-96 


7-04 




101-99 


19359 










































20561 




8-76 


220 


C-56 




131*41 


21G7I 




14-00 


14-60 




0*50 


131-01 




Road nt 450 links. 


14-50 

9-14 


4-32 


10-18 
814 




141-19 
149*33 


22710 
23221 




304-19 




66-49 


117-16 


100-00 






254-86 




117-16 




















[ Difference between Datum find! 












49-33 




49-33 




49-33 


last Reduced level, or height 
' of B above A. 



The several differences of the sums of the back and fore 
sights, of the sums of the rises and falls, and of the last re- 
duced level and the dntum, exactly agreeing, proves the accu- 
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racy of the arithmetical operation in the preceding level book, 
all these differences being 49'33 feet, which is the height of 
B above A, in the section Plate II. 

It is advisable for the surveyor to reduce the levels in the 
field as he proceeds, as it will occupy very little time and can 
be easily done while the staffman is taking a new position. 
The surveyor will thus be enabled to detect with the eye if ha 
13 committing any glaring error ; for instance, inserting p 
number in the column of rises, when it ought to be in that 
of falls, the surface of the ground at once reminding him that 
he is going downward instead of ascending. 

It is seldom the case in practice that the instrument can be 
placed precisely equi-distant from the back and fore staves, on 
account of the inequalities of the ground, ponds, &c; it would 
appear, therefore, to be necessary, to make our results per- 
fectly correct, to apply to each observation the correction for 
curvature and refraction as explained in Art. (7): this, we 
believe, is seldom done, unless in particular cases where the 
utmost possible accuracy is required, on account of the small- 
ness of such correction, as may be seen by referring to the 
table nt the end of-the book, where this correction for 1 1 chains 
is shewn to be no more than part of a foot; and as the 
difference in the distances between the instrument and the fare 
and back staves can in no case equal that sum, it is evident 
that such correction may be safely disregarded in practice. 
Besides it i3 not necessary to have the level placed directly 
between the staves while making observations, as it is frequently 
inconvenient to do so, for reasons just given, nor does a devia- 
tion from a line of the staves, in this respect, in the least affect 
the accuracy of the result. 

The distances in the sixth column of the level book are 
assumed to be horizontal distances, and in measuring them, care 
should be taken that they are a3 nearly such as possible, or they 
must be afterwards reduced thereto, otherwise the section will 
be longer than it ought to be. For the purpose of assisting the 
surveyor in making the necessary reduction from the hypothe- 
nusal to the horizontal measure, when laying down the section, 
we annex the following table, shewing the reduction^ be made 
on each chain's length for the following quantitiesof rise, as 
shewn by the reading of the staves. 
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Rise in feet for 
one chain. 


Reduction on one 
chain in links and 


Rise in feet fur 


Redaction on one 
chain iullnks and 


1 


001 


11 


1-40 


2 


004 


12 


1-66 


3 


Oil 


13 


1-92 


4 


0-19 


14 


2-24 


5 


0-27 


15 


2-61 










7 


0-56 


17 


3-39 


8 


0-74 


18 


3-76 


9 


0-94 


19 


4-23 


10 


116 


20 


461 



TO DRAW THE SECTION. 

The levels being reduced, as well as the distances corrected, 
where required, the surface line may be represented in the 
form of a section, as shewn in the upper part of Plate II. The 
vertical and horizontal scales of a section are seldom the same, 
for the reason assigned in Art. (14.), which produces a carica- 
tured representation of the surface of the section ; the vertical 
scale being so much greater than the horizontal, shew3 the 
depths of the cuttings and embankments, required in the exe- 
cution of railways, canals, &c, with greater clearness than if 
both scales were alike. The plans and sections of projected 
work, deposited in the Private Bill Office, to obtain the sanction 
of the legislature, are mostly drawn to scales of from four to 
sis inches to one mile horizontal and one hundred feet to one 
inch vertical. 

To make the section expeditiously, first draw the horizontal 
line E F, as the datum to which the levels were reduced, take 
any point E as the starting point, place the feathered edge of the 
horizontal scale against E F and prick off the several distances 
in the column headed " Distances," that is, 5-19, 13-15, 15-42 
chains, &c, then draw all the perpendiculars by means of a 
parallel ruler, or by a T square if the paper is properly filed 
on a drawing table; "and lastly from the vertical scale prick off 
all the reduced levels or vertical heights corresponding to the 
several distances, connect the points and the section will be 
made, after which, write, in vertical lines, the several remarks, 
as crossing of roads, rivers, &c, that appear in the last column 
of the level book. The horizontal line AD, called the " datum 
from bench mark at A," shews the variations of the surface of 



Digitized 0/ Google 



MS 



LEVELLING. 



the section above and below the point A, from which it was 
originally plotted by Mr. Simms. his level book being adapted 
thereto. 

CROSS LEVELS. 

When a road or river crosses the line of 8 railway, or canal, 
cross levels are principally taken to shew the nature of the 
surface of the ground, both with respect to improving the main 
line, if possible, and to shew the approaches of cross roads <o 
the viaducts, when required, and the depth and length of cut- 
ting, or the height and length of embankment that will be 
required, where the main line is either crossed on the level, or 
over or under by viaducts. The heights of the cross section 
is usually taken at every 1 or 2 chains length to the distance of 
8 or 10 chains on each side of the main line; but if the cross 
road have a regular slope, it will be sufficient to shew the in- 
clination of the slope, which may be done by a single setting up 
of the level and staves. The following notes will shew the 
method of taking a cross section, recollecting always to take 
the levels from the right to the left of the forward direction of 
the main line, lest the section, through mistake, should be 
plotted in the wrong direction. 



CROSS LEVELS ON ROAD AT 92*15 CHAINS. 
(Section, Plate II.) 



Back 
Sights. 


Sight* 


Disfances. 


Remarks. 


feci. 
1-84 

1- 02 

2- 83 
5-20 
4-13 
404 
2-92 

*316 
2-17 
2-13 


feet. 
016 
8-70 

7- 91 
10-63 

8- 71 
8-02 
7-92 
604 

6- 87 

7- 00 


Voo 

3- 00 

4- 00 
600 
7-92 

1000 
12-00 

14- 00 

15- 00 

16- 80 


/Line crosses reduced level 
\ 131-86 feel. 



The cross section may be plotted on the same scale a3 the 
main section ; but some engineers adopt a larger one. From 
what has been already shewn, the student can have no difc 
ficulty in plotting from the preceding notes. 
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PARLIAMENTARY PLAN AND SECTION. 
These differ little from what is shewn on Plate II, only in 
the former the fields, &c, are numbered with an accompanying 
book of reference to proprietors' names, &c; and the cross 
sections are added in the latter, and the gradients pnt on, as 
described at page 153. See "Working Section, Plate III,, and 
the Standing Orders of the two Houses of Parliament. 

WORKING SECTION. 
When the works of a railway, canal, &c, have to be carried 
into execution, the section must be more minutely taken than 
would bo required in the preceding cases ; it i3 then called a 
working section. The following are the field notes for such a 
section. Plate III. shews the section of the ground and rail- 
way at the extreme end of the line, where the distances ter- 
minate at 1103-77 chains, or 13f miles and 3-77 chains. The 
student will be able to plot the section from the following level 
book and the accompanying directions. In taking levels for 
this section, the back and fore sights are not very far distant 
from each other, and the surveyor will frequently he able to 
make a number of observations at each setting up of the instru- 
ment both In the back and forward directions, the back staff 
being repeatedly removed nearer the instrument, where the 
ground varies, and the fore staff also repeatedly removed, f arther 
from it: in this manner from seven to ten observations may be 
obtained at one setting up of the instrument, if required. In 
the following level hook, it will be seen, that it seldom occurred 
that only one back and one fore sight was obtained at each set- 
ting up of the instrument: at the first setting up four forward 
sights were observed ; thus the first back sight was 4-47 and 
the corresponding fore sights 4'53, 9'22, 5-07, &c. Here the 
first foil is obtained in the usual manner, that is, by taking the 
difference between 4'53 and 4*47; the next fall is obtained by 
taking the difference between the first and second fore sights, 
that is, between 9'22 and 4*53, this difference is 4.69, which is 
a fall, because the latter fore sights is the greater ; the third 
difference between the second and third fore sights is a rise, 
because the latter fore sight in this case, is the less ; and so on 
till we come to the next back sight 6-36, when its correspond- 
ing fore sight 1-87 is taken from it, as previously shewn, and 
the difference placed in the column of rises. The column of 
reduced levels is obtained as in the preceding examples. 
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LEVEL BOOK. — WORKING SECTION'. 



Back 


Fore 


Rise. 


Fall. 


Reduce J 


Distances 


Remarks. 


Sights. 


SiglltS. 








feet. 


feet. 


feet. 










4-47 


4-53 




0-06 


270-66 


1033 00 


{ London Bridge. 








469 










6-07 


4'15 












0-24 








1 036'00 




6-36 


1'87 








1037'00 




6-11 


1-47 


4-67 






1038 '00 


L Side of falling post of 


6-63 


2-10 


4-S3 




288-63 


1039-00 


i field gate in occopa- 




2-34 




0-14 


238-49 


1039 16 


( tion road. 


10-43 


9-47 










































8-75 


4-40 








Top of bank. 




4-48 


4-37 




294-43 


1039-76 






4 32 


0-16 




294-59 


1040-00 




a-44 


8'84 














2-83 


6-01 










0*74 


3-18 














5'35 




3-17 


289'59 


1013 00 




6-77 


728 




0-51 


289-08 






7-25 


0*03 




289-11 


1044-90 


Edge of ditch. 


















3-57 


4-79 




292-79 


1045-00 


Stump, top of b;mk. 


3-37 


















1-33 










1-10 


2-25 




1-15 


393-58 


1048 00 






8 88 




6-63 


286-B5 


1049-00 


Enter alder plantation. 


5'85 


9'53 




1-97 


263-07 






5-85 


1201 


0*33 


G-49 


374-94 


1051-00 






12-87 




0-86 










10-77 


2-10 




276-18 


1052 00 
1 O53'00 


( Foo t of bank, which ris es 




8-59 
1-40 


3-18 
7*19 




378-36 


j perpendicularly 2 feet. 






3-80 






1D54O0 






' 3-97 


1*45 




290-80 


1055-00 






3-39 
6-S1 




3-13 


290-38 
288-36 


I OGS'OO 
1057-00 


















6-41 


6-68 




1-27 


284-63 


1058-27 


Edge of ditch. 




8-56 




1-88 


2B2-95 


10B8-32 


Bottom of ditch. 




6-08 


2-43 




2B5-43 


1058-37 


Top of bank. 




1338 




6-30 


279-13 


1058-54 


Foot of bank. 




16-72 




4-34 


274-79 






3-04 


3-66 




0-62 


374-17 


1059-00 






6.48 




3-82 


270-35 


1059-40 


Edge of ditch. 
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LEVEL nnoK o* working bbction (continued). 



Dock 


Fore 






Reduce J 


Distances. 


Remarks. 


Sights. 


Sights. 






Levela - 




feet. 


feet. 


feet. 


feet. 


feet. 


chains. 














Brought forward. 










270-35 










3-38 






Eottom of ditch. 




fi-nn 


2-flfi 




370-83 




Top of bank. 




7-56 




U5fl 


■nyj-25 


1050-60 


Foot of back. 




10-7-1 




3-16 


366 03 


1060-00 




3 -33 


fl-24 




4 91 






Top of hack. 




205 




0-01 




1061-00 


Stump side of bank. 




13-34 




410 


2SEjM 


1061-05 


Bottom of ditch. 




11-65 


1 63 




257-77 


1061-10 


Edge of ditch. 




12-BO 






356-62 








ill3 




Q15J 


356-11 


10GJOO 




3'38 


0'75 




356'8G 




Foot of bank. 




o-so 


2-RR 




259-49 




Top of band. 




4-3 s 






255-89 


1063 68 


Bottom of drain. 




4-OS 


Q'27 




256-16 


1063-86 


Centre of parish road. 




4'31 




0-33 


255-93 


1064-05 


Foot of bank. 


















3-02 




2H5 








0-BQ- 


nm 




0-41 


25G-B1 




Foot of bank. 




2-B3 




ua 


255lAS 


1065-00 






ilil 














44a 




0-O7 


2 5 3ll3 


1067-0O 




7-60 




046 






1068-00 






4-41 


2-93 




257-12 


1069-00 


£1068 31,} 






3-67 




260-79 






10-63 


6-43 


4-20 




264-99 


1O71-00 






1*37 


5J16 




270-05 


1072-00 




1076 




5-79 












1"12 


3-85 




279-69 






mi 


6-47 




O-Qj 


27U-64 








4-B6 


qju 




3HO-55 


1076-00 






5-00 




□ '44 


2RO-11 




Edge of ditch. 




fi-5fi 




056 


279-55 


1076-40 


Bottom of ditch. 




2-40 


3-16 




282-71 


io;6ii7 


Top of bonk. 




2'ilG 














1-33 


158 






InTR-OO 
















Enter plantation. 




3'33 


am 




297-68 


1078 0.3 


0-43 


2^91 




300 59 


107S-57 


B. M. on timber slump. 


















lo-oi 




303-36 


1079 00 






H26 


8 75 




312-11 


1U79-47 






4-07 


10-42 




322163 


IOBO'00 






2'86 


nai 


0'49 


323-74 


1060-03 






3-35 




323-25 


10RO-24 


[plantation. 




037 


2-38 




326-23 


1030-47 


16-35 


rea 


1533 




341-56 




Top of bank, edge of 
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i (conlinutd). 


Back 

Sight! 


Fore 
Sights 






Reduce 






feet 


feet. 


feet. 


feet. 


feet. 
341-56 




Brought forward 




1-32 




0-30 


341-36 


1031-00 




8-66 


6*92 


2-74 




344-00 


1082-00 






5-14 


0-78 




344-7B 


1083-00 






8-43 




3-39 


341-49 


1084-00 




1*05 


4'SO 






338-04 


1085-00 






4-!t4 




0'41 


337-60 


1O85-20 






6-83 




1-B9 


335-71 


1085-30 


Edge of ban I--. 




12-54 




5-71 


330-00 


1085-40 


Foot of bank. 




16-83 




4-2S 


325-72 


1086-00 




j - 1 1 

1-18 


9-04 

9-OD 




7-93 
7'91 


317-79 
309*88 


1087-00 
10B8-00 




1-67 


3-70 




8-13 


301-75 


1089-00 




1-38 


9-58 




8-30 


293-45 


1090-00 




I'M 


9-41 




7-97 


285-48 


1091-00 




1'34 


9-14 
8-13 




7-80 
6-97 


377-68 
270-71 


1092-00 
1 093 OO 




3 04 


4 43 




1-39 


269-32 


1093-86 


Edge of ditch. 




6-93 




1-79 


267-53 


1093-90 


Bottou of ditch. 




S-16 


106 




368-59 


1094-00 


Stamp, top of bank. 
Foot of bank. 




11-10 






262-65 


1094-08 




929 






264-46 


1095-00 




fl-87 


6-77 


3'10 




267'56 


1096-OO 


At po3t and rail fence. 


4-63 


3-46 


1-17 


3-60 


268-73 
265-13 


1097- 00 

1098- 00 


Edge of slope. 


1-96 


4-fiO 
4-60 




3'64 


262'49 
262-49 


1099-00 


Foot of slope. 




3-67 


0-93 




263-42 


1101-49 




■1-58 


6-03 




0-43 | 262-97 


1103-77 


Stump, end of curve 




4-40 


0-63 




263*60 






4-58 




018 


363-42 




B. M. foot of post. 




['OS 


3-53 




268-93 




Top of said post. 



This method of keeping the level book is adopted by many 
urveyors; the accuracy of the castings is proved by taking the 
ifference of the sum of the back sights and the sum of the last 
ire sights, leaving out all the intermediate sights, and the dif- 
jrence of the last reduced level, and the same brought forward, 
ntl when these differences agree, the castings are correct, 
iome put (lie intermediate sights in a separate column, in this 
use n somewhat different method of casting is adopted: — I 
ave given this method at page 357 of my system of Icvdlin;* 
i the ninth edition of Nesbitt's Surveying. 
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PLOTTING THE 'WORKING SECTION. 

(See Plate III.) 
Having drawn the datum line, prick off every chain snd 
number them beneath the datum line to prevent mistakes. 
Next prick off the distances fn the column of distances, and 
erect the perpendiculars, and just above the datum line, the 
height at each chain's length should be inserted, from the 
column of reduced levels; some also insert the heights of the 
intermediate stations, that the section may be plotted without 
the fear of errors. The horizontal scale in the example is 1 
inch to 5 chains, and the vertical scale 1 inch to 25 feet; these 
scales are frequently adopted in parliamentary plans. Having 
laid off all the heights on the perpendiculars, the undulating 
line forming the surface of the section may be readily drawn, as 
shewn in the plate referred to, and the description of objects 
worthy of notice must be added. The section is then prepared 
for putting on the gradients, &c. 

THE METHOD OP LAYING OOT GRADIENTS, 

Gradients are evenly ascending or descending portions of a 
railway; the ascent or descent being always less than 1 foot, 
reckoned vertically, to 100 feet on the level, or estimated hori- 
zontally; thus to afford the means of rapid locomotive traction. 
Some gradients, however, are level, and such gradients are 
preferable to any other; but the undulations of the earth's sur- 
face prevent their adoption to any great extent, in by far the 
greater portion of railways. 

The extreme left hand point of the section M, Plate III., being 
the point of junction with another railway, is the place from 
whence the gradients are to be laid out : the railway is repre- 
sented by two parallel lines, the upper one being the surface of 
the rails, and the lower one the bottom of the ballasting or 
formation level, being 2^- feet below the surface of the rails. 
For a short distance MN the gradient is level; the gradient 
N O then rises at the rate of 20 feet per mile, or one foot iti 
264, for the twofold object of diminishing the great cutting and 
getting sufficiently high over the road at stake 1064 to allow 
headway for public carriages to pass under the railway. From 
thi3 point the gradient O P falls with the same rate of inclina- 
tion for a considerable distance, the object being to get as low 
down as convenient further to the eastward where there would 
be a considerable embankment required ; thus reducing the ex- 
tent of both the cuttings and embankments. Each change of 
gradient is marked by a strong vertical line from the datum 
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line to the point of change, and the height written thereon 
The quantities of earthwork to form the cuttings and embank- 
ments with different slopes should be written on them, as shewn 
in the example (the method of finding these quantities shall be 
hereafter shewn); also above the line of figures denoting the 
height of the surface above the datum, should be placed the 
depth of the cutting from the surface to formation level at the 
same point, or the height of the enbankment, as the case may 
be : these heights and depths are those from which the calcula 
tions of the quantities of earthwork are to be made, and there- 
fore must be strictly correct: these heights and depths are fre- 
quently taken by measuring them carefully with the vertical 
scale of the section, but they may be more correctly obtained 
by calculation in the following manner. Let it be required to 
find the depth of the cutting at stake No. 1083, when the height 
of the surface above the datum is 344-78 feet; at stake No. 
1064 the height of formation level above datum is 269-20, from 
which point the gradient descends at the rate of 20 feet per 
mile, or 0-25 feet per chain, towards No. 1083; the distance 
from 1046 to 1083 is 19 chains, wbicb multiplied by 0*25 gives 
4'75 for the fall of the railway in the space between the two 
points; hence the height of the railway above datum at No. 
1083 is 269-20 — 4-75 = 264-45; this sum subtracted L-om 
the whole height of the surface gives 344-78 — 264-45 = 80-33 
for the depth of the cutting at that point, and so on for all the 
remaining numbers. In the same manner the heights of bridges 
and viaducts may be found, either below or above the railway, 
recollecting to subtract the reduced level from the height of the 
gradient in the former case. 

It will here be proper to inform the student that the common, 
and, perhaps only practical method of laying out the gradients 
of railways, is by applying one end of an extended silken thread 
to the section at the commencement of the railway, ' the other 
end being so applied that the thread may cut the profile of the 
earth's surface, so as to leave equal portions of space both above 
and below the thread, judging by the eye, that the cuttings 
from the parts above the thread may furnish sufficient materials 
to fill up the spaces or parts below the thread to form the em- 
bankments. If the position of the first gradient, though in 
itself favourable, should cause the next gradient to be less 
favourable, with regard to the extent of cuttings and enbank- 
ment s. the position of the first gradient must be altered to suit 
the next following gradient, till it bo found that the compound 
result of the cuttings and embankments on the two gradients, 
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or on the successive gradients, as now altered, shall have less of 
cuttings and enbankments than in the preceding case. In this 
way it is advisable to change the positions of the gradients till 
the minimum of cuttings and embankments seems evidently to 
be attained, due regard being had to the limit in the ascent or 
descent of the gradients, which, as before observed, ought not 
exceed 1 in 10Q, also keeping in view, at the same time, the 
proper height for bridges to cross rivers, &c, in the meantime 
the difficulty of making the excavations being supposed equal 
throughout the length of the line. 

Great diversity of opinion prevails among engineers as to the 
propriety of making the gradients subservient to the economical 
construction of railways; hence wc find, in many cases, a wide 
departure from the rule, as applied in the earlier days of rail- 
ways. Some of our most eminent engineers of the present time 
are in the habit of laying out what are termed "severe gradi- 
ents," so that inclinations of 1 in 80, and even as far as 1 in 
60 are frequently found in the sections of a great number of the 
new and branch lines, which of course is a question of expedi- 
ency, between present saving in construction and the future 
cost of working the lines. 

In laying out the gradients, it is desirable to affect as little 
as possible the existing levels of public roads; which, if practi- 
cable, should he crossed either on the level dr 20 feet above or 
below them ; if impracticable, the rond must be raised or sunk 
to meet the level of the rails, as the case may require; and sunk 
to gain the depth of 20 feet, in case of its passing under the 
railway, the inclination of its approaches to the railway being 
made 1 in 30 in turnpike, and 1 in 20 in other roads ; also, if 
practicable, all stations should be placed at the top of two gra- 
dients descending both ways ; as such gradients both serve to 
check the speed of a train, when approaching such a point, and 
assist it to regain its speed when leaving. 

The height of the gradient over or depth under the surface 
of any turnpike or public carriage road, existing railway,, river, 
or canal, must be marked in figures on the section at each 
crossing thereof, as well as the height and span of the arch, or 
arches, forming the viaducts, by which the crossing is intended 
to be effected. 

RULE FOR FINDING THE BATE OF INCLINATION OF A GRADIENT. 

Divide the horizontal length of the gradient in feet, by the 
difference of the heights of the gradient at its extremities, above 
the datum line, and the quotient is the horizontal to a rise or 
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fiill of one foot, which is called the rate of inclination of the 
gradient. 

EXAMPLE, 

In Plate III. the second gradient at its commencement, is 
261*35 feet, and at its termination it is 269*20 feet above the 
datum line; thus giving a rise of 269'20 — 261-35 = 7'85 feet, 
the horizontal length of the gradient is 1095-50— 1064=31-50 
chains = 2079 feet, whence 2079 4- 7'85 = 264, (fractions 
being omitted) or a rise of 1 in 264, or of 20 feet per mile, as 
shewn on the section in the plate referred to. 

TUNNELS. 

When the excavations reach the depth of 60 feet, and con- 
tinue at that, or a greater, depth for a considerable distance, the 
most economical method of proceeding with the work is to make 
a subterraneous passage called a tunnel, through these deep 
parts; for it would he next to impossible in many such cases to 
cut the ground open to the surface. Tunnels, on railways ot 
the narrow gauge, are usually cut to the width and depth of 25 
or 30 feet, and on railways of the broad gauge they are propor- 
tionably larger. The width and depth of the tunnel are less, 
if the material to be cut be hard rock. A tunnel ABCD, on 
the gradient N O is shewn in Plate III ; its length A B is 7 
chains or 154 yards, and its height A C 25 feet. All tunnels 
must slope to one or both of their extremities for the purpose 
of drainage; and it will be seen that the tunnel, here referred 
to, slopes to the end A. In laying out the gradients the di- 
minished quantity of cuttings, where there are tunnels, must be 
taken into account, This subject shall be resumed hereafter. 

LEVELLING WITH THE THEODOLITE, 

The use of the theodolite is sometimes necessary in levelling 
operations, especially when these operations are required to be 
conducted over very high and rapidly rising ground, or over 
steep and almost perpendicular rocks, where the ordinary level- 
ling instrument cannot be fixed. Select a convenient place 
to fix the theodolite, where the general inclination of tho 
surface of the country changes, without regarding its minor 
inequalities; then set the instrument level by means of the 
parallel plate screws, and direct an assistant to go forward with 
a staff, having a vane or fiag fixed to it, of the same height 
from the ground as the centre of the axis of the telescope of 
the theodolite. Having gone to the station required, the as- 
sistant must hold the vane staff upright, while the observer 
measures the vertical angle, which an imaginary line, connect- 
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ing the instrument and staff, makes with the horizon. The in- 
strument and staff should then change places, or, to save time, 
another staff should take the place of the instrument, the in- 
strument being removed to the former staff, and from thence 
the angle should again be taken to the second staff; the mean 
of which two angles may be considered the correct angle. This 
precaution is necessary on account of the variableness of the 
refraction, and more especially so where the points of observa- 
tion are at a great distance, and one much higher than the 
other. The distance on the slope must be measured in the 
mean time, which, with the mean angle, constitute the hypothe- 
sise and angle at the base of a right angled triangle, in which 
the base is the horizontal distance between the two stations, and 
the perpendicular their difference of level, both of which may 
be readily found by trigonometry, or by laying down the tri- 
angle and measuring the parts in question. 

In this manner, by considering the surface of every prin- 
cipal undulation as the hypothenuae of a right angled triangle, 
the operation of levelling may be carried on with great rapidity ; 
but it must be remarked, without pretensions to strict accuracy, 
— in fact, in this particular the use of the spirit level can never 
be superseded. 

LLVELT.ISG BY THE BAROMETER. 

The method of finding the difference of levels for railway 
purposes by the barometer, though frequently recommended, 
will be found to fail in point of accuracy,. on account of the sud- 
den changes in the pressure of the atmosphere, on which de- 
pend the indications of this instrument, since 90 feet elevation 
correspond to only one-tenth of an inch of the mercurial column, 
which difference has frequently been noticed at the same place, 
in a very short space of time, the weather at the same time 
being apparently settled. This method, therefore, can never be 
relied upon further than as a rough approximation, 
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CHAPTER II. 

THE METHOD OF LAYING OUT RAILWAY 
CURVES ON THE GROUND. 

(1.) ON RAILWAY CURVES IN GENERAL. 
The natural unevenness of the earth's surfaco makes the use of 
curves in railways absolutely necessary, that the nearest prac- 
ticable level may be attained by avoiding mountains, crags, and 
other elevations, by winding round their bases by means of 
curves; which are also equally necessary in avoiding other najt 
tural and artificial obstructions, not materially affecting tb™ 
level of the line ; as rivers, lakes, swamps, &c. ; also towns, 
parks, pleasure-grounds, &c; thus a great saving results in the 
expenses of construction and in the severeance of valuable 
property. 

In railway practice, the curve adopted ia- always an arc of 
a circle, and sometimes two, three, or more consecutive arcs of 
circles of different radii, having a common tangent or tangents 
at their point or point3 of junction, as in the compound curve. 
Sometimes the railway curve is composed of two or more cir- 
cular arcs, having their concavities turned in opposite direc- 
tions, with a common tangent or tangents at their point or 
points of junction: a curve, thus composed, is called the ser- 
pentine or S curve. 

Note. The arcs of the parabola, ellipse, &c, might with propriety be adopted 
05 (he curves of railways, in many cases, and sometimes with ndvantage; but 
the method of layhig.out these curves on the ground is attended with complex 
caleulationsi besides a usar approach to the arcs of any of these curves may bo 
made by means of the- compound curve. 

(2.) ON THE DIFFERENT METHODS OP LAYING OUT 
KAIL WAY CURVES. 
It has been found in practice, that at least four different 
methods of laying out railway curves are requisite, partly on 
account of the degree of scientific skill of, or instrument used 
by, the engineer or surveyor, and partly on account of obstruc- 
tions on the ground, as buildings, cliffs, woods, rivers, &c, 
situated either on the concave or convex side of the curve, or 
on both sides, or on the curve itself : also on account of pits, 
swamps, bogs, &c, either wholly or partly preventing the use of 
the surveying chain. 
(3.) ON CURVE RULERS OR MECHANICAL RAILWAY CURVES. 
These curve rulers are a series of arcs of circles, usually 
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made of bard wood, as box or mahogany, and sometimes of 
strong paste-board, with the lengths of their radii in inches 
marked on them. These curves usually begin with a radius of 
2 or inches, and terminate with one of 160 or 203 inches. 
The smallest radii commonly increase by half inches up to 10 
or 15 inches; then by 1 inch up to 20 or 25 inches; the 
curves in the middle of the series increase their radii by 2 
inches, the next series by 5 and the last by 10 inches. They 
are used to project curves on railway maps, and to determine 
the radii of curves previously projected. 

The annexed figure is a curve of 15 inches radius. If this 
curve is used on a map to a scale of six chains to fin inch, it 
will represent a curve of 

15 x 6= 90 chains = 1| mile ^^-^ g- . j. ^ " i ^ar--^ 
radius. When the scale of ^f^T C > *> v^^^^s 

the map is 2 chains to an s ^ 

inch, it will produce a curve "sg-^ 1 *- —•■■■■^y' 
of 15 x 2 = 30 chains radius. . 

In all cases the number of inches in the scale of the map must 
be multiplied by the radius marked on the curve, to give the 
radius of the curve on the map. 

(4.) THE LIMIT OP THE CURVES OF RAILWAYS. 

By the Standing Orders of Parliament a minimum limit has 
been conditionally appointed for the radii of railway curves. 
This limitation is rendered necessary, becauso the centrifugal 
force, or tendency to motion in a tangental direction, of a rail- 
way train of great velocity, in curves of less radius, is so much 
increased as to hazard the trains running off the railway on 
the convex side of the curve. This limitation of the radii of 
the curves is not required at or near the termini, or at or near 
the principal stations of the railway; since in these situations 
the speed of the train must be gradually reduced before reach- 
ing the curve, for the purpose of stopping. Moreover, curves 
of less than one mile radius are admitted with safety, by giving 
a due super-elevation to the rail on the convex side of the 
curves to counteract the centrifugal force. This, however, is 
only done, where engineering difficulties require it. See for- 
mula for the super-elevation of the exterior rail, Chap. VI. 

Problem I. 

Case I. — The positions of two straight, or tangental portions 
of a railway being given, to determine the radius of the curve 
that joins them. 
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This Problem, at first sight would seem to admit of an in- 
definite number of solutions; hut when the limitation (see Art. 
4.) is considered, in conjunction with the local obstructions of 
rivers, roads, hilla, &c, also of buildings or other valuable pro- 
perty, the problem is frequently limited to one solution, viz., 
that which presents the fewest of these natural or artificial ob- 
structions to the progress of the curve. 

Let A B, C D, be two straight, or tangental portion's of a 
railway, which when prolonged meet at T, and the positions of 
which are given by a correct map. Apply several of the 
curves, described in Art. 3, to touch the lines A E, CD, with- 
out cutting them, as at the points B, C, and at the points B', 



for some of the reasons given in Art. 4. The radius of the re- 
quired curve, as already stated in Art. 3, is found by multiply- 
ing the number on the curve ruler, by the number of chains 
per inch in the scale of the map. 



Let the curve B C he projected by the ruler marked 24, and 
the scale of the map be 5 chains to 1 inch, required the radius of 
the curve B C. 

24 x 5 = 120 chains = 1^ miles BO = CO, the required radius. 

Note. This method of determining the railii of railway carves is usually 
adopted in practice ; but since a circular arc, especially one of large radius, ap- 
parently coincides with its tangent for a considerable distance, it is difficult by 
this method, to find the exact starting and closing points of the curve : besides, 
it too often happens that thn map is not strictly correct; in such caecs, the 
positions of the tangents cannot be said to be given, therefore, this method can 
only be regarded as giving a rough approximation to the radius and position of 
the curve. 

Case II. — The starting point B of a railway curve being 
given, to find its radius geometrically. 



Having prolonged A B, DC, til! they meet at T, make 
TO =_CB, and draw BO, C O, respectively perpendicular to 




C) &c, and let the curves 
BC, B'C, &c, be drawn. 
Whichsoever of these curves 
presents the most economical 
rout for the line of railway 
ought to be adopted, provid- 
ed its radius be either equal 
to, or exceed the minimum 
limit, viz., 80 chains; unless 
it bo thought adviseable to 
dispense with this limitation, 
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AT, D T, meeting in 0; then O is the centre, and BO ='C0 
is the radius of the curve, as is evident from the nature of 
tangents. 

Or, bisect the angle ATB by TO; and at B erect B O per- 
pendicular to A T, cutting TO in O ; then B O is the radius 
required. 

Case III. — When tfie map is incorrect, to find the radius of 
the curve by measurement on the ground, the starting point B 
being given. 

Range A B, D C, till they meet at Tj measure BT, and take 
the angle ATD, one half of which is the angle A T 0. Now, 
in the right angled triangle BTO.B T, and the angle A T 0, 
are given to find BO; which may be readily done by Trigono- 
metry. See Hann's complete and concise work on this subject. 

Case IV. — When the map is incorrect, and the tangents 
AB, DC, cannot be prolonged till they meet, on account of ob- 
structions, the starting point B being given. 

From B measure, in the most convenient direction, tho line 
BD, meeting CD in D, the angles TBD, TDP, being respec- 
tively taken at the beginning and end of the operation, the sum 
of which is the supplement of the angle BTD; whence by tri- 
gonometry B T may be found, and thence BO, as in the last 
case. 

Or, the radius may be found by the following very concise 
formula, 

B O = BDx aine L BPT * _ jBD x sine Z.BDT 
ver. sine of sup. BTD — sine 2 of \ sup. Z.BTD' 
the latter form being adapted to logarithmic computation. 

* Demonstration.— Let BT, TCD be tan- t 
gents to the circle HBC at B, C; 0 tho cen- 
tre, BO the radius, and COH tho diameter 
of the circle; and BD a line from the tan- 
gental point B to any point D in the other 
tangent TCD. Draw Bit, BW, respectively 
XtoTD.CH. Then CW = (BK=)BD 
Bine ZBDT. But CW is the ver. sine 
£BOC to radius BO = BO X ver. sine 
L B 0 C to radius unity = BO X ver. sine 
if sap. /.BTD tu radius unity ; .', BOX 
ver. aine of aup./. BTD = BD X sine^BDT, 
and BO - BDXiina^BPT 
flndB0 -ver.sine o fflup. i lBTD- ^ K D ' 

Thisformida is due to B. Gomperlz, Esq., F.R.S., #c. 
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Problem II. 

To lay out a railway curve on the ground by the common 
method. 

Case I. — Let HA, q A q s be the tangental portions of a rail- 
way, the extremities A and q 4 of which are required to be 
united by the circular curse Aq v to which HA, q t q t shall be 
tangents; the radius of the curve being supposed to be found 
by one or other of the Cases in the preceding Problem, as cir- 
cumstances may be require. 

Let the radius 
i-i this case he 
80 chains or one 
mile; prolong the 
tangent H A a 
distance A p = 
1 chain; then 
opposite 80 in 
table No. 1, at 
the end of the 
book, is found 
s -^'\j " 4-95 inches = 

p q, which set 
off at right an- 
gles to A v, thus giving the first point in the curve. In the 
direction Ag, measure qp t = 1 chain, and set off ? a q, = 
twice pq = 4 - 95 x 2 = 9-9 inches, at right angles to qv%\ 
then q t is the second point in the curve. This last opera- 
tion must be repeated till the curve shall have been set out 
to the point q A . Lastly q A p s being measured = 1 chain, 
in the direction q 3 q v the oflset v 6 q t will be found = 4-95 
inches = the first offset v q, thus proving the accuracy of the 
work. In this manner the operation is conducted, whatever 
be the length of the curve. 

Case II.— Let A 0 — r, and 8 = Ap = qp 3 = &c., which 
may be cither less or greater than one chain j -then the general 
length of the first and last offsets p q, v e q e is > ftni3 t,ie 

length of each of the other offsets is or twice the first or 
last offset ; but the length of the offsets given in the table is 
represented by — ^ ; therefore, if Ap, pq^, &c, he taken 2 
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3, or 4 chains, the value of — must be multiplied by 2 2 = 

4, 3 a = 9, or 4 1 = 16, respectively, to find pq, and the re- 
sult, in each case, multiplied by 2 for each of the offsets p 3 y a , 
p a q 3 , &c. In this manner the curve may be fiet out more 
speedily, and with les3 liability to error, on account of the less 
number and greater length of the lines required in the opera- 
tion. 

EXAMPLE. 

Let AO =■ r = 120 chains, and 5 = 4 chains; then — = — 

X 16 = 3-3 x 16 = 52-8 inches 4 feet 4-8 inches = pq = p s y a ; 
whence (4 feet 4-8 inches) x 2 = 8 feet 9'6 inches = p a g t = 
Pa ?3 — & c - 

Note 1. When the curve has been correctly set out, as in Case II., tho inter- 
mediate stumps may be put in at the end of every chain, if required, hy the 
method given in Case I. The distances of the intermediate stumps, thus put 
ir, will not, in most cases, exceed a chain hy a small fraction of an inch; be- 
cause the lengths of the uiiscts pq, piqi, &c, is so small, that the curvilinear 
lengths Aq, qq^ &c, can never greatly exceed those A o, jpj, &c. 

Note 2. If tho curve, in Cases I. and II., fall far short of meeting tho tan- 
gent qyfa some error has been made, either in the calculation or in the work on 
the ground, and tho operation must be repeated till coincidence be either ob- 
tained, or at least within an inch or two. 

Note 3. The method, given in Case II., is sufficiently accurate when ! does 
not exceed of the radius of tho curve ; but when it exceeds that limit, tho 
formula in Case III. ought to be naed for finding tho offsets. 

Note The onsets to the curves, in the diagrams to this and the following 
Problems, are drawn ranch larger than they ought to be, in order that they 
may be shewn more clearly ; indeed a due proportion, in this particular, would 
require diagrams of a larger size to shew the several parts distinctly. Besides, 
only a small part of the operation, for a curve of great length, is shewn ; but as 
the whole of the work, except the first and last offsets, is alike, to shew more 
would be unnecessary. These circumstances tho student will at once perceive, 
and draw the diagrams to a large scale for practice. 

Note 5, When the curve has been set out, the rods or arrows that mark the 
points q, q^ &c, must he taken out; and strong stumps, from 16 to 18 inches 
in length and 11 inch square, must be put in their places, firmly in the ground, 
to mark the position of the line. The same kind of stumps must also be put at 
the end of every chain in the straight portions of the line; and the extremities 
of every curve marked with larger stumps, or two or throe of the ordinary 
stumps put down together. 

Note 6. By this method the greater part of both British and foreign rail- 
way curves have been laid out. It was invented by tho author about 3D years 
ago, when the Stockton and Darlington Railway was laid out, and eagerly 
adopted by engineers, as it involves very littlo calculation, and docs not require 
the use of a theodolite. It is, however, defective in practice, on account of its 
requiring to very many short lines connected together, as errors will unavoid- 
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ably creep in and multiply, and more especially to where the ground be rough, 
thus tlio curve has frequently to be retraced several times before it can be got 
right. Hence the author prepared the methods in the following Problems. 
Sec Remarks on the Method of Lay'mg out Railway Curves at the end of these 
Problem. 

Case III. — When 8 exceeds of the radius r of the curve, 
the following formula: ought to be used tor finding the offsets, 
p g = r — s/P — 5», 

and p» ? » = &c=-j===. 

EXAMPLE. 

Let r = 40 a nd 5 = 4 chains; then pq = r— ^/r 3 — 6* = 
40— s/40 2 — 4 s = 40— 12 ^11 = -2005 chain = 153-8 inches 

= 13 feet 2-8 inches. A)Bop a q, = —-===== -403546 
v r — t ° 

chain = 319 6 inches = 26 feet 7 - 6 inches. 

Note. These offsets are a little longer and mora accurate than if they had 
been found as in Case II. ; but the results in these two last Cases do not mate- 
rially differ, when S is less than of the radius. 

Investigation of the formula: used in Vtis ami the following Problems. — Put 
" = P ?» (see last fig.) the other symbols remaining the same as before ; and 
draw Or, Os. respectively perpendicular to A q, qq~; then by similar triangles 

AO: Ar(=JA S ) :: A S ; ^j=j; { = i:, But (Eoc. I. 47.) Ao = 
\A ; + .-. ir=.-- ^ 1 ^ , or «= — 2m + B" = Oi whence jr = r — 
■/r 1 — S*. When r is large, and S only I, 2, or 3 chains, the value of tha 
surd expression is very nearly = r — — ; -whence * = r — — —J =— 
which is the iormula for the first offset n q, as practi cally u-e d. 

Sow, put ir = Psq 2 — &c,, then yj a = */& + it 3 ; cos. jijff 2a — 

« M = ; 7 g=p ? = tm-„; ~to.» -7=) 

= co,. ^ . j 0 = .in, ^ . 0 , , *. J £ ( 1 - ^=^$ = * C + »*)• 
By reducing this equation, rejecting the powers of w above the second, (becauso 
w is always in practice very small with respect to 5, and much more bo with re- 
{■ f4 r i _ ft) 

spect to r,) there results = 4^ _ 3 ,^g r x 3 3 4 = ( a PP ro?:imat «ly) 

t— ; and when S is very smnll compared with r, jt 5 is very nearlv = 

-301 ir= -, which is the formula given for the offsets, piq 3 , piqs, &c, as 
commonly used in practice. 
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PROBLEM III. 

To lay out a railway curve on the ground, hy offsets from its 
tangents, no obstructions being supposed to prevent the use of the 
chain on the convex side of the curve. 

Case L — When the length of the curve does not exceed \* of 
its radius. 

Let A B, DC be 
straight portions of a 
railway, the points C 
and B being required to 
be joined by a circular 
curve BC, to which AB 
DC shall be tangents, the 
radius B O of the curve 
being supposed to be 
found toy one or other of 
the cases in Prob. L, ns 
circumstances may re- 
quire. 

Range the tangents AB, DC till they meet at T; and let 
the radius B O = 80 chains = 1 mile; measure on B T the 
distance By = 1 chain; and at right angles to BT, lay off the 
offset gp = 4-95 inches, by Table No. 1, as in Problem II.; 
then p is the first point in the curve. The offset3 p„ g 3 ,p 3 g it 
Pa ?4> & c -> which are each 1 chain apart, must be respectively 
2 2 , 3 2 , 4 2 , &c, or 4, 9, 16, &c.. times the first offset pg; thus 
Pi9j = 4-95 X 4"= 19 ' 8 inches, n 3 g 3 = 4-95 x 9 = 44-55 
inches, p^g^' — 4-95 x 16 = 79'2 inches, &c, 

When the offsets have been thus laid out, till the last one 
q s p s falls little short of T; lay off the same offsets on T C as 
were laid off in B T, but in an inverted order, making the first 
distance on TC = the Inst dislance on BT, and the remaining 
distances 1 chain each on to C. 

Note. It can rarely happen in practice that tlie last offsets, from both tan- 
gents will meet at the middle point p s of the curve, as shewn in the figure; 
but will cither intersect one another or fall ahort of the middle point ; this is a 
matter of no consequence, although some engineers require the stumps that mark 
the line to be placed regularly one chaia asunder: the method of doing thia_ 
shall be shewn hereafter, 

* When the carve is longer than } of its radius, tho offsets in most practical 
cases become inconveniently long as well ns not sufficiently accurate, by the 
method here given f.ir finding them. See Demonstration to Problem ill,, p. 14, 
of Balxr'i Railway Engineering. 
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EXAMPLE. 

Let the radius of the curve be 160 chains, required the offsets 
at the end of every chain, from the tangent to the curve. 
p q (per Table No. 1.) = 2-475 inches. 

p a g t — 2-475 x 4 = 9 ; 9 

p 3 g s = 2-475 x 9 = 22-275 

Pa9i = 2-475 x 16 = 39-6 

&c. &c. &c. 

CASK II. — To lay out the curve when it is any required 
length. 

In a long curve (of which there are some more than two 
miles in length) the tangents, if prolonged to their point of 
meeting would necessarily -fall at a great distance from the 
curve, thus giving an inconvenient length to the offsets which 
in practice should never exceed two chains. To remedy this 
inconvenience the curve most be divided into two or more 
parts, by introducing one or more additional tangents, thus the 
offsets may be confined within their proper limits. In the 
annexed figure the curve AC is divided into two unequal parts 
at B; at which point 
the tangent DBE is 
introduced, on the most 
convenient ground to 
meet the tangents AD, 
CE in D and E. The 
tangent AD mustfirst 
be measured to on ex- 
tent not exceeding £ of 
the radius AO. Then 
in the right angled triangle ADO are given AO, AO, from 
which the angle ADO may be readily found by trigonometry : 
this angle, being doubled, gives the angle A D B, which deter- 
mines the direction of the tangent DBE. This done, the 
offsets to the curve may be laid off, as in the last Case, the order 
of the offsets being inverted on D B and again on B E, &c. 
EXAMPLE. 

Let A 0 = 160 chains, and A D = 20; then by trigono- 
metry,— As 20 (AD) log 130103 

: 160 (AO) 2-20412 

:: radius .....10-00000 

: tan. | z. ADO = 82° 52£ ...10-90309 




/. A D B = 165° 45' whence the direction 
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of DBE becomes known; the offsets will be the same as in the 
last example, It would scarcely be necessary either to calculate 
or take the angle B E C, had it not been advisable to do so for 
the sake of checking the accuracy of the work. 

Note. If the length of the curve be considerable, it may thus he divided iota 
3, 4, or more part 3, according to its length. 

Case III. — -When a curve is set out from several tangents, as 
in the last Case, to make the last and first offsets on any two 
consecutive tangents meet at one point in the curve. 

This method may be advantageously adopted, when the dis- 
tances of the stumps are required to be equal. Measure on 
A ID any number of chains less than \ of the radius A O, and 
find the length of the last or longest offset on A D, which sup- 
pose to be p 3 q 3 - Then A 0 : Ap 3 : : p 3 g 3 : p 3 D} whence 
the distance p 3 D becomes known, which must be added to 
Ap 3 to give the full length of the tangent A D. 

EXAMPLE. 

Let A 0 = 140 chains; then Ap 3 == i AO = 17| chains; 
nnd by taking the nearest whole number of chains, viz., 17 
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chains for the length of Ap 3 , we shall have p 3 q 3 = - - = 

I '03 chains, and as A p 3 is little less than ■■- of A O, D is 
sufficiently near to -J- x 1-03 = 13 links: whence AD = 17 
chains + 13 links = 17"13 chains nearly. The remaining parts 
of the calculation are the same as in the last Case, and may be 
put down as below. 

Since the radius A O = 140 chains, the first offset. 
p q (per table No. 1)= 2-8285 
p,q t - 2 8285 X 4 = 11-314 
Ps q 3 = 2 8285 x 9 = 25-4565 
p A q t = 2-8285 x 16 = 45-256 
p s q t = 28285 x 25 = 70-7125 . 
&c. = &c. = &c. 
As the lengths of the tangents BE, EC in the remaining 
portion of the curve must necessarily be limited, the last and 
first offsets cannot be made to meet on the curve, unless they 
should happen to do so; therefore the distances of the stumps 
must be made equal in this part of the curve by Case I., 
Problem II. 

Note. The methods of laying out the curve, given in this problem, have a 
decided advantage over those given in Problem II. ; as the curve can be made 
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to touch the tangent E C at tbo required point C, without repeatedly retracing 
it, as is often tbecaso in the Problem referred to. 



To lay out the curve, where obstructions, suck as water, 
swamps, pits, SfC, prevent the use of the chain, by two thee" 



Case I. — When the points in the curve are any assumed an- 
gular distance apart. 



made by AB and the tangents prolonging, be determined ; the 
sum of which, or the double of one of them, is the angle AOB; 
and let this angle be divided into any number of equal parts, 
as Ap, ppi, p 3 , &e., which are each double the measure 
of the angles A Bp, p Bp,, &c., or double the angles B Ap 4 , 
Pi A Ps> &c -> D J tne nature of the circle, also the sum of the 
angles at the base A B of each of the triangles ABp, ABp a , 
&e., is equal to half the i_ AOB. Hence the following method 
of setting out the curve: 



Let the angles made by the tangents H A, I B, with A B, be 
each 40°; then the angle AOB = 40° x 2° = 80°; heuce 
the sum of the angles B A p, AB;j = 80° — 2 = 40°; there- 
fore, if the angle A Bp be taken = 1°, the angle BA^ = 
40°— 1° = 39°. These angles may be set out, by having two 
theodolites fixed at A and B at the same time, and, the corres- 
ponding directions Ap, Hp, being fixed upon at the same in- 
stant by means of signals, may be continued by poles till they 
intersect at p, which will be the first point in the curve. Se- 
condly, takeZABpj = 2°; thedi PAp, = 40°— 2° = 38°: 
and the lines Ap 3 , Bj> 3 , being continued, as before, till they 
intersect in p 3 , will give a second point in the curve. In the same 
manner; a succession of points may be found, by continually 
increasiLg the angle at A by 1°, and diminishing that at B by 



Problem IV. 



dolites. 




Let ABbethe curve; 
HA, IB tangents at 
extremities; AOitsra- 



T dius; and p, p 3 , p s , 
&c, several equidistant 
points in the curve, 
from each of which two 
lines are drawn to the 
ends A, B of the curve. 
Let the equal angles. 
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the same quantity, till the former angle becomes 39° and the 
latter 1°, thus giving 39 points in the curve. 

Xotb. It may here be proper to remark, that the obstructions are sometime? 
so great, that some of tlio points of the curve cannot be found: in a case of this 
kind, it will be necessary to defer the finding of such points, till tlie works ol 
tins railway arc so fur advanced as to present a better opportunity. 

Cask II. — When the points in the curve are at a given dis- 
tance apart. 

Let r be the radius, and 8 the given distance of the points 
in the curve = Ap = pp a = &c; and letz. A Hp be taken = 

an arc whose sine is J^*=* x tabular lengths of the first offsets 

used in the two last Problems. This angle must Im doubled, 
tripled, &c., to give the successive angles to be taken at B; 
which angles, being successively subtracted form ^ /_ AOB, 
will give the corresponding angles to be taken at A; which may 
be set out as in the preceding case. 

EXAMPLE. 

When r = 80, 5 = 1 chain, and the angle between the 
radii AO, BO the same as in the last example; then L AB;< 

= arc to natural sine jp(= ™ = '°° 625 ) = °° 21 ' 29 "s 
whence the other angle3 are readily found by doubling, tripling, 
&c, this angle; which being set out, will give the consecutive 
points in the curve, each one chain apart, except the last, which 
suppose to be p t B and which may be either 1 chain, or a 
fractional part of a chain, according to the magnitude of £_ 
AOB. 

Note. Mr. Rantenc's method of setting out the curve. — As this method is evi- 
dently a modification of the one just given, it shall bo here explained. It is 
founded on the property here given /_ A Bp = £ J>Bj)j = Stc=/_TAp 
= &c = arc to natural sine^- ; in which 9 is always taken = 1 chain. A 

theodolite is fixed at A, the /_p A T is taken, and the distance Ap = 1 chain 
is set out from A to p, the point p being brought exactly into the direction of 
the visual axis of the instrument; the p,AT is next sot out = 2XZ.P AT, 
and the distance pip^ = 1 chain, applied in the same manner as Ap and so on 
to the end of the curve. This method, though theoretically accurate, is even 
more objectionable in practice than my common method, given in Prob. II., 
Case I., on account of the multiplicity of small angles and short lines required ; 
while errors committed at the beginning of the work, wiil gradually increase as 
it proceeds, whether the errors result from taking the angles or the short dis- 

* For the investigation of this and other furmulaj in this work, ace the foot 
notes in Baker's Railway Engineering. 
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tnnces Ap, ppv, &c. and especially in the distances, if the grotind bo rough or 
uneven. Besides tliis method cannot be improved by (akin™ longer chorda, as 
in Piob. II., Case II., without n chain of unwieldy length. I would, therefore, 
not recommend this method, especially to trace out a curve of great length, and 
where the tangent at ita termination cannot be changed in position, to accom- 
modate tbo almost unavoidable errors. Moreover, RanHne'a method would not 
hane beea noticed inthil viorl;had it not been put forth by several authors at a 
perfect one. 

Problem V 

To set out the curve by offsets from its chord or chords, where 
obstructions, on its convex side, prevent the use of the preceding 
methods. 

Let A CI! be a portion, or the whole, of a railway curve, 
H A a tangent at its commencement, T C a tangent to its mid- 
dle point g, and AO, CO ita radii. Take, if possible, the 
chord A B an even 
number of chains; find 
the successive offsets, 
corresponding to the 
radius A O and the 
i tangent T C = A D 
= i A B, as in Prob. 
III. "the last offset TA 
will be = CD;iromCD 
subtract the successive 
offsets, and the remainders will be respectively the offsets 
P«?a> P9> &c -i which must be set off, in an inverted order 
from A to D, and their order must be again inverted in 
setting them off from D to B. If the curve shall not yet bo 
completed, the operation may be continued by taking other 
chords, as B E. 

Note I, It will be seen that tlio tangent T C, which is parallel to A B, is 
not used in the operation, further than to explain [he nature of the method of 
finding the offsets. 

Note 2. Tliis method may be advantageously used where a winding river, 
buildings, cliffs, &c., ore close to, or protrude In some places over, the curve; 
thns excluding the use of any other method, except that in tbo preceding 
Problem, which is not always convenient, on account of its requiring two 
theodolites. 

Problem VI. 

To set out the curve by means of artificial objects, as buildings 
in towns, fyc, ; when none of the preceding methods can be con- 
veniently used. 

If the parliamentary map is inaccurate, a correct one ought 
immediately to be made, when the curve is required to pass 
through a close-built town, or through scattered buildings with 
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smalt enclosures, such aa frequently exist in the vicinity of large 
towns, the following method may he successfully adopted. Put 
marks on the buildings, or other remarkable objecis, which cor- 
respond to the position of the projected curve on the correct 
map; through which marks the curve can be laid out, when the 
buildings, &c. are removed. 

Note. The necessity of a correct map, in this case, will at once be seen, 
it will prevent [he inmKcSiurv jmiliii;,' .town of nmtiv building to :n;ik,> 

way for the curve. 

Problem VII. 

1 . To find the radii of the compound curve hy curve rulers. 
The compound curve has been defined in Art. (1.), page 153, 

Let A B, C D ho the straight portions of a railway which are 
to he joined by n curve passing through or near the point C. 
Apply several of the curve 
rulers so as to touch AB at 
B, without cutting it; and 
that which passes through, 
or very near to C, must be 
selected as a portion of the 
line of railway. Apply 
another series of curve 
rulers til! one be found to 
touch the curve BC at or 
near C, and the tangent 

CD at C. Then find the \i; 
radii BO, CO' of the two J 0 
curves as in Prob I., Case I. 

2. When the compound curve has several radii terminated by 
given points. 

If the nature of the ground is such as to require three, four, 
or more curves of different radii; also if 1 c' be required to he a 
given point; the method of determining the several radii, &c, 
will be sufficiently obvious from what has been already shewn. 
Problem VIII. 

'So set out the compound curie on the ground. 

Find the radii, as B 0, C 0'; the tangent point, as C; and 
the junction point, as C, with the position of the common tan- 
gent at the junction point; (see last figure) then the different 
portions of the curve may be set out on the ground by one or 
other of the methods given in the preceding Problems, according 
to circumstances as respects obstructions, &c. If the curve 
consist of three or more portions with different radii, it will only 
'require a continuation of the same operation. 
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Problem IX. 

To determine one of the two radii of a compound curve by 
calculation, the other radius and the tangent points being given. 
(See figure to Prob. VII.) 

Join BC; put OB = OC = R, O'C = O'C = r, 9 = BC, 
a = Z.TBC, andi9 — L TCB; then 

4s(— 8 + 2 E aine<Q t 

r = - — 1 IT+B 

8 sine P + 2 R sine 8 — 2 — 
Whence, having measured the distance B C, between the given 
points, and taken the angles T B C, TCB, the radius O'C = 
O'C = r may be readily found. In making the calculation the 
natural sines must be used. 

Problem X. 

To find the radii of the serpentine curve mechanically. 
The serpentine curve has been defined in Art. 1, page 158. 
In the annexed figure BGC is the serpentine curve; AB, DC, 
the tangents at its 
extremities ; B O, 
CO', the radii of 
the respective por- 
tions BG, GC, of 
the curve ; and 
OGO'the common 
normal of these 

\ '■ / /, portions. If the 

% \ / curve is required 

\ 1 / to pass through or 

\\ 1 near the point G, 

Vo the mechanical 

curves, or curve 

rulers, mat be applied, till the portion B G of the curve is 
satisfactorily determioed, as in Prob. VII. ; after which the 
• 7»,«i,«am._Di.wOj.,Oy-l-toBC', and through ff parallel to BC? 
to. O-,, meeting Op in j. -Am Off = ;B -r, Bj. = E*» * Op = 
B coa. a, CV = r erne ft Op' = r eos. ft 0 9 c= Op — Ofr — » CM. a — 
rcoB.ft.naCV e =p/= ./o i ff^i ??==^(K-r) , -(°°°'-°- |, ' ! ° »-' i » 
Also ! = B .in. n + r una £ ^/^r _ r )._ (Rcoao - rcoe. By 
reducing this equation, and putting for aine' + coa* ita value 1, there result. 
^ _ j|f-l + »B.k».) j rtWi h ftl f( , [mlU ,,,, quired radial 
BslneB + 2Bainea2±^ 
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other portion G C may be found in the same manner as in the 
problem just referred to; and, having marked the tongental 
points B, G, C, and determined the radii BO, C 0', from the 
mechanical curves, the operation will be complete. 

Problem XI. 

1 . To find one of the radii of the serpentine curve by calcula- 
tion, the other radius and tangent points being given. (See figure 
to last Problem.) 

By using the same notation ns in Prob. IX., we shall have 
the following general formula for finding one of the radii of the 
curve when the other is given, whether the carve be serpentine 
or compound. 

_ $ 8 (+ S + 2 R sine «) # 
8aine^ + 2Raine a l±^ 

In the present Problem the upper signs are used ; and by 
assigning the proper values to li, !, a, and 0, the length of the 
required radius r will be found. 

Notb. It may thus be readily known whether the required radius Is equal to 
or greater or less than SO chains; if less, either the given radius must be, if 
possible, diminished, or the distance of the tangental points Increased according 
to the requirements of the case. Also, by joining BC, CG; and determining 
either of the isosceles triangles OBG, O'CG, the position of the common normal 
point, or point of contrary flexure of the curve, may he exactly found, for the 
purpose of setting out the curve on the ground. 

2. When t/ie two radii B 0, C O', of the serpentine curve are 
equal to find this common radius by calculation, the tangcntal 
points-being given. (See last figure.) 

In this case R = r, the other notation being the same as be- 
fore ; also put a = arc to cos. ^ (cos. a -\- cos. p ) ; then, 

_ s 

sine a + sine £ + 2 sine " 

None. By this very concise formula the common radius may he readily de- 
termined; thus giving the most preferable method of forming the serpentine 
curve, when the nature of the ground will admit of its being done. It thus 
may he readily ascertained from the data whether tile radius be greater, equal 
to, or less than 80 chains; and, if less, the distance of the tangental points must 
be increased, till *e required length be obtained; but, as already noticed, the 
limitation of the radii to be either equal to, or greater than, 80 chains, is not in 
all cases absolutely necessary. 

" By drawing the -i-s 0 p, 0'y> a,1< l proceeding with the investigation in 
the same manner as in foot note lo Prob. IX., the general result above re- 
ferred to, will be obtained. 

t This formula is a particular case of that given in Prob, IX.; its investi- 
gation is also fully given in Baker's liailvyi'j Eutjintering. 
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:m XII. 



To make a given deviation from a straight line of mil way, i»j 
three curves ; that the works of the line may avoid a building or 
other obstruction, situated on or near to it. 

1. Let ABCD be a straight portion of the railway, A a 
building or other ob- 
struction on the lino. 



of like radius, to touch the first curve at & and G-', and the line 
at B and C: then the lines OC, CO, joining the centres of the 
curves, will pass through their points of contrary flexure at G 
and G'. 

2. Calculation. Put r = common radius OB — O'Q — 0"C, 
an d d = requ ired deviation = HQ; then BH = HC = 
^/d{ir — d), and the four equal chords B G, G Q, &c, are 
each = *Jdr. 



Let the deviation QH = d= 3 chains, and the radiusJB O 
= r = 1 mile— SO chains; then BH = HC = ^3(820 — 3) 
= 30-84 chains, and B G = G Q = &c. = s/2i0 = 15-49 
chains. These distances being set out will give the required 
points in the deviation curve B G Q G' C, as required. 

Note. These deviations aro now more frequently made than formerly by 
some of our most eminent engineers to avohl kirge cuttings nnd embankments; 
thm toiitribiilin^ .u'l'cally In the cDii.iHiiy uf c(M;.<nij:ioii, tsjiwiull v of branch 
lines where great velocities of transit are not required. 

EXAMPLES OP EXPENSIVE SEVERANCE OF FSOPEKTY BY 
IMPROPERLY SETT1NO OUT RAILWAY CURVES. 

1. It ha3 been already shewn (l'rob. I.) that the curve 
adopted in joining two straight portions of a railway, ought to 
avoid, as far as possible, expensive cutting, severance, bridges, 
&c, provided its radius be equal to or greater than one mile, if 
other considerations do not require it to be less. The following 




Take HQ of a suffici- 
ent length for a devia- 
tion, that the lateral 
works of the line may a- 
voidtheobjectatA; and 
through Qdrnw a curve 
GQG of radius QO' = 
to, or greater than 1 
mile. Draw also, two 
other curves, BG, GC, 
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injudicious violations of this rule came immediately under tlie 
author's observation. 

In the annexed figure, ARSB is a curve of 1^ miles ra- 
dius, at Westwick, near Cambridge, in the Wi3beach, St. Ives, 
and Cambridge Railway: this curve unnecessarily makes an 
expensive severance, by being laid out through a gentleman's 
park, with 100 yards of his house, and by crossing and re- 
crossing a brook 16 feet in 
width at R and S, within 
the space of a few chains, 
the brook being left by the 
curve only 30 yards, at the 
widest part between the 
points of crossing. Thus the 
line here requires two oblique bridges at R and S, which 
might have been avoided, as well as the expensive severance of 
the park, by extending the tangentnl portions AC, BD of the 
railway a few chains each, and substituting a curve C D of 
one mile radius to supply the place of the one thus ignorantly 
adopted; the ground being almost perfectly level, and the limit 
of deviation at the same time, admitting, nay at once suggest- 
ing, this improvement of the line, as it respects expense of 
construction, 

2. A similarly expensive severance was unnecessarily made 
in the same line at Hi3ton, about three miles from Cambridge, 
by laying out a curve of 3 miles radius, through cottages and 
gardens, all of which (being situated within three chains of the 
middle of the line on the north side thereof,) would have to be 
purchased by the railway company; besides the curve at the 
same place crossed two public roads within 40 yards of their 
junction; but had the straight portions of the line heen ex- 
tended at both ends of the curve, as in the former case, and a 
curve of 1 or li miles radius been employed, instead of the 3 
mile radius, both the cottages and gardens might havo beeu 
passed near their southern boundary,'and only one road would 
be required to be crossed, at a abort distance from ihe junction 
of the two roads in question, the limits of deviation and the 
ground (being perfectly level) at once suggesting this improve- 
ment to any engineer of ordinary skill. 

There was a slight hope that the head engineer of this line 
would have rectified these expensive blunders, previous to the 
formation of the railway: although such important matters 
were too often overlooked or disregarded in the Htidionian 
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hurry of railway projects; which, I understand, was the easy 
on this occasion. 

THE PRACTICE OF ENGINEERS IN THE ADOPTION OF CURVES 
IN VARIOUS RAILWAYS. 

The practice of engineers differs very widely in the adoption 
of curves, some choosing curves of large radius, at grent sacri- 
fices of cost, and others adopting very small ones to avoid ex- 
pensive cuttings, embankments, &c, 

On the Great Western Railway, " the curves are in general 
very slight, chiefly of 4, 5, and 6 miles radius, Mr. Brunei 
considered that even a mile radius is not desirable, except at 
the entrance of a depot, where the speed of the engines is 
always greatly slackened. And, except in these instances, the 
only deviation from this rule, which he has admitted, is in the 
curve, ab,out one-fourth of a mile below one of the inclines, 
where the radius is three -fourths of a mile." — Railway Maga- 
zine, vol. I., page 418. 

Mr. R. Stephenson, in his evidence on the projected Brighton 
Railway in 1836, stated that no curve had a less radius than 
1^ miles, in the line be proposed, which lie considered a most 
convenient radius for the high velocities required for passenger 
trains. Mr. Stephenson does not, however, limit the minimum 
curvatures to three-fourths of a mile, if engineering difficulties, 
or other considerations of a sufficiently important character, 
suggest the adoption of curves of smaller radius. 

On the Cheater and Birkenhead, Birmingham and Derby, 
Edinburgh and Glasgow, Arbroath and Forfar, and many 
others, the minimum radius adopted for the curves is 1 mile ; 
and the same radius is also the minimum in the Birmingham 
and Gloucester, and the Sheffield and Manchester lines, which 
are curved throughout almost the whole of their lengths. The 
London and Birmingham line, though constructed through a 
very uneven country, has chiefly curves of a radius exceeding 
1 mile; while the Manchester and Leeds line has curve3 gene- 
rally of three-fourths of a mile radius, with a few considerably 
less. 

A srtll greater deviation from the minimum limit of one mile 
for the radius of curves, will be found in railways where great 
engineering difficulties were to be encountered, especially in 
mineral lines. The TnffVhle Railway, which is a single line, 
appears from Sir F. Smith's report to have curves of the sub- 
joined radii and length. 
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60 20 ■ 

80 120 

These curves were used to avoid the repeated crossing and 
recrossing the river Taff, and to avoid the formation of several 
lofty embankments. The same considerations have led to the 
adoption of curves of similarly small radius in other mineral 
lines. 

Pambour's formula may be successfully adopted to assign a 
proper super-elevation to the exterior rail to counteract the 
centrifugal force, arising from high velocities of trains in curves 
of small radius. This formula, with the results deducible there- 
from, shall be given in the last chapter of this work. 

CARELESS EXPENDITURE IN THE CONSTRUCTION OP RAILWAYS, 
FROM THE NON-ADOPTION OF CURVES, FROM IMPROPERLY 
LAYING OUT GRADIENTS, EXACTIONS OF LAND-OWNERS, &C, 

In addition to the expensive and unnecessary severance of 
property by improperly setting out railway curves, of which 
examples, are given at page 175, similar wasteful expenditure 
has resulted from the non-adoption of curves in numerous in- 
stances. It has been shewn in Prob. XII. that a lateral devia- 
tion may be made in a straight line of railway to avoid build 
ings or other expensive property, deep cuttings, or other en. 
gineering difficulties. This precaution, in a vast majority oi 
instances, has not been adopted, as may be seen in the construc- 
tion of a great many of the more early railways ; and much un- 
necessary expense has thus been incurred. 

Also, where the geological character of the country through 
which the railway passes, differs considerably, presenting mate- 
rial for excavation throughout the length of the line, varying from 
loose sand to hard rock, and vice versa ,- through such varying 

8* 
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materials the facility or difficulty of excavation must be especi- 
ally considered in laying out the gradients; larger excavations 
must be adopted in the loose material, and smaller ones in stiff 
clays, bard rocks, &c, than would have been adopted, had no 
such variety in the strata existed. Considerable economy in 
the construction of a railway will result by judiciously taking 
into account all these circumstances. These important subjects, 
in the railway mania of 1845, were by far too little, or not at 
all considered, partly through pressing too much business on a 
few of the chief engineers, by which they were compelled to 
confide these important works to unskilful apprentices and 
other incompetent persons, and partly through the ignorance 
or wilful negligence of others, who had the audacity to put 
themselves forth, and were accepted by the public as chief en- 
gineers at that time, by which a worse than useless expendi- 
ture of several millions of the money of the shareholders in 
these projects was incurred, their blunders being now obvious 
even to illiterate agricultural labourers. 

In addition to this defective system of engineering, the exac- 
tions of the landowners, from small proprietors upwards to 
wealthy commoners and noblemen, were enormous, for the lands 
required of them for the works of almost all the early railways. 
The influence of the two latter classes in the legislature being 
bo great, and their opposition to the railway-projects, affecting 
their respective lands, was so obstinate, that they had to be 
" bought up," or rather "gorged," a3 it was termed; which was 
at length accomplished by giving them from live or six to even 
twenty times the value of their lands, according to their influ- 
ence and rapacity, they then, with apparent reluctance, with- 
drew their opposition; there were, however, many honourable 
exceptions to this system of peculation. It is well known that 
there was a convenient " Hudsonian method" of stopping the 
mouths of the leading sharks by cramming them with railway- 
shares till they said " enough." These transactions did not 
therefore appear on paper, so as to be legally objectionable; and, 
finally to settle the matter, almost all the early railway accounts 
were fabricated more or less, in the " Hudsonian style," in- 
cluding dividends to shareholders of at least 10 per cent.; ao 
that shares in the leading lines, by the compound effect of en- 
gineering mismanagement and extortion, have now fallen, almost 
without exception, below par; whereas, had proper management 
and honesty been adopted, in conjunction with the present unex:* 
pected increase of railway-traffic, there i3 little doubt that evea 
higher dividends than those first promised, and in Boms cases, 
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for a short time, obtained, would now be realised by the share- 
holders in many of the leading lines. 

REMARKS OK THE INVENTION OF THE METHODS OP LAYING 
OUT RAILWAY CORVES ON THE GROCND. 
No less than twelve gentlemen, in the course of the last 
five years, have published on the subject of laying out railway 
Curves; their methods, at least the practical ones, being essen- 
tially the same as the four methods which I invented 30 years 
ago, and which were first published in the Gentleman's Diary, a 
second time in the Ninth Edition of NesbU's Surveying, thirdly 
in Baker's Railway Engineering, fourthly and fifthly in the First 
und Second Editions of this work. These methods have been 
generally adopted in practice by engineers up to the present time, 
as being applicable to all cases that can occur, and obviously aa 
well adapted to practical use as the nature of the subject will 
admit, and consequently not likely to be superseded by any 
methods that have, or will be proposed, I, therefore, think it 
right to claim the invention of these methods. My attention 
was drawn to this subject at the time of the laying out of the 
first portion of the Stockton and Darlington Railway, and being 
then myself a land surveyor, accustomed to mathematical in- 
vestigations, and residing near the railway in question, as well 
as acquainted with some of the surveyors and other gentlemen 
connected therewith, I communicated three of my methods 
which are given in Problems II. to V., to them; some of whom 
were afterwards surveyors on the Liverpool and Manchester 
Railway and various others that were afterwards projected. 
These methods were at the same time communicated to several 
of my mathematical friends, some of whom are still living; 
among whom was Professor Leybourn, of the Royal Military 
College, Sandhurst, to whom I sent them, with other matter 
referring to the same subject, in 1824, for insertion in the 
Gentleman's Diary, to which, it may be seen, I had previously 
contributed for some years. But on account of the length of 
the subject, the small space that would be allotted to ma- 
thematical papers in the Gentleman's Diary, and the very 
little public notice then directed to railways, my paper did not 
appear for some years; and, as I did not then anticipate that 
railwaya would ever assume such general importance as they 
now do, I paid less attention to my paper on this subject than 
it now appears to deserve. Besides, at the same time I ob- 
tained the prizes for answering the prize questions in tha 
Gentleman's Diary and the Gentleman's Mathematical Com- 
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pamon, in the same year (1824), I was consequently induced 
by my friends to make preparation to enter myself, as a student 
of St. John's College, Cambridge. I, therefore, neglected the 
subject of railway curves till 1834, when I saw Professor Ley- 
bourn, who, on account of the then rising importance of rail- 
ways, promised, at his earliest convenience, to insert my paper 
on curves, with improvements and additions, which I then gave 
him, either in the Gentleman's Diary or his Mathematical 
Repository: although Professor Leybourn was among those 
that then held opinions extremely hostile to the general adop- 
tion of railways, as Utopian schemes that would disappoint or 
ruin their projectors, and declared his willingness to insert 
any other of my mathematical productions, in preference to the 
paper in question. He was, however, acquainted with some of 
the leading railway engineers, and on his recommendation and 
that of Dr. Gregory, of the Royal Military Academy, Wool- 
wich, I became from that time, wholly connected with railway 
-surveys under various engineers, and parish surveys under the 
Tithe Commissioners for first class maps See pages 58 to 61, 
ivhtre I have given the chief lines of construction of several 
parish maps, including those recommended by the Tithe Com- ■ 
missioners. 

Professor Leybourn, having satisfied the claims of Ins other 
contributors, at length inserted my four methods of laying out 
railway curves, in November, 1837, in the Gentleman's Diary 
for the following year; however, through some inadvertency, 
the original paper was not accompanied by the improvements 
and additions, above referred to. Besides, it is here proper to 
add that I communicated these four methods to at least fifty 
gentlemen, previous to their publication. . 

The gentlemen that have published on this subject, after the 
publication of my paper, are Ennkine, Heald, Castle, Law, 
Huntingdon, Hill, Gardner, May, Derbyshire, Charlton, 
Broadie, Kennedy, and Hackwood. Mr. Rankine's method has 
the best claims to originality; it is, however, only a modifica- 
tion of my method, given in Prob, IV., and possesses, moreover, 
the defect of my method given in Prob. II., (see Note, page 
169). One of these authors recommends three of my methods, 
suggesting what he calls "improvements" on my method 
Prob. II. by means of tedious formula to calculate minutis 
hardly appreciable in any curve that occurs in practice: he 
also recommends the offsels to be laid off radially from the tan- 
gent to the curve, which would require the centre of the curve 
to bo found, which is well known to be impracticable in most 
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cases, and in all cases unnecessary. Another of these authors 
recommends what he calls the method by "curve frames," 
which ia theoretically little different from my method in Prob. II., 
and has the same defect; to remedy which, he devotes five or 
six pages of his work to geometrical methods of making the 
defective curves fit one another by introducing new tangents, 
these methods being dhiefly impracticable on the ground, and 
consequently of no use. Several of these gentlemen give tables 
of offsets, extended over from 20 to 50 pages, the use of which 
arc at once supplied by a table of one page at the end of this 
work; while others give a variety of complex formula? for cal- 
culating the offsets, which will be anything but acceptable to 
those who have been accustomed to lay out railway curves by 
my methods. 

Almost all these authors have published one or more of my 
methods, without acknowledging from whence they obtained 
them, excepting what two or three of them have taken from 
Mr. Rankine, Isolated methods have been published by others 
on the same subject in periodicals, but these are either copies, or 
slight variations of my methods, or such as are not conveniently 
practicable. 

As exceptions to the rule adopted by the gentlemen above 
referred to, two highly talented gentlemen, Professors Tate and 
Young, have duly acknowledged me as the inventor of these 
methods, the former in his Geometry, and the latter in his 
Mensuration. Mr. Ryde, in his very able " Text Booh for 
Architects, Engineers, Sfc" has transcribed several parts of the 
following chapters of this work, which he has acknowledged in 
a very complimentary manner; but on the subject of laying out 
railway curves he has, I think inadvertently, ascribed threen>f 
my methods to Mr. Law, adopting what that gentlemen calls 
" improvements " on my method in Prob. II., also his other 
" improvement of laying out the offsets radially " on my 
method in Prob. Ill,, which "improvements" have been al- 
ready noticed. 

I have now briefly given a kind of history of my invention of 
the methods of laying out railway curves on the ground, in 
which J anticipated by more than twenty years all that has since 
been done by other authors, at least as far as real practical 
utility is concerned. These methods, in conjunction with the 
contents of the following chapters, constitute a complete and 
fundamental system of laying out railways, a system second in 
utility to none of the inventions of modem times; and which 
has been long fully adopted in practice, this being its fifth 
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successive publication, all of which have been well received by 
the public. 



CHAPTER III. 
ON SETTING OUT THE SURFACE "WIDTHS OF 
RAILWAYS. 

After the centre of a railway has been marked out, as directed 
in Chap. II., the line must again be carefully levelled, and the 
stumps that mark the line must be numbered and entered con- 
secutively in the level book in a vertical column, with the cor- 
responding depths of cuttings or embankments in a second 
column (see Level Book, p. 187); these depths are estimated 
from the formation level, which is commonly about 2 feet below 
the intended line of the rails ; the 2 feet are afterwards to be 
filled up with gravel to form the permanent way. 

The line is now prepared for setting out the surface widths , 
the simplest case of which is when the surface of the ground is 
level as well as coincident with the formation level of the in- 
tended railway. In this case it is only required to set out half 
the width of the formation level on eacli side of the centre stump, 
perpendicular to the direction of the railway, adding to each 
half width the intended width of the side fence, and putting 
down stumps to mark the half widths and breadths of the 
fences. — When the surface of the ground is above or below the 
formation level, which is commonly the case, the widths must 
be set out by the following Problems : — 



the ground w laterally level, and at a given height above 
formation level, the rath of the tlopea* being given. 

In the annexed cross section of the cutting, R S is the 
horizontal surface of the ground j AB the formation level; 

* Tho ratio of the slopes is the proportion that the batter C a beara to tbe 
depth Art. When thia ratio Is U 1 to 1, C a = As; when it is as I§ to 1, 
Ca= 1} times A o. This ratio varies according to tho nature of tho material 
through which tho cutting is made, being lesa in rocky or clayey gronnd, and 
greater in aoft or Bandy ground. 



T. Baker. 



To set out the width of • 
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AC, BD the side slopes; M tbe-middle stump, and M m = 
Aa = B6 the perpendicular depth 

of the cutting. Multiply the depth a c a. M 1> j> S 



width of be set out from M to C j 
after which set out R C for the width of the fence. The same 
operation must he repeated on the other side of M. 



Let the width of the formation level AB = 33 feet, the deptli 
Mm of the cutting 30, the ratio of the slopes as 1-^ to 1, and the 
width of the aide. fences each 6 feet; required the width of the 
cutting, and the width of land included by the fences. 
30 x 1J + V = 45 + 16i = 6U feet = MC = MD = i width 
of cutting; and 61^ + 6 = 67£ = MR = MS = £ width of land. 

The double of this is the whole width. 

Construction of the cross section. Draw A B = widtli of 
formation level = 33 feet ; perpendicular to A B, at its middle 
point m, draw Mm = given depth = 30 feet; through M parallel 
to AB draw CD, making CM, MD each = £AB -f 1| x Mm; 
join AC, BD; then ABDC is the cross section required. 

Note 1. The numbers In the column, marked "computed half-widths," in tha 
level book are found by this Problem. 

Note 2. If the figure ABDC be Inverted, it ivill represent the cross section of 
an embankment; for setting out the width of which the same method obviously 
applies, as that just given for a cutting. 

Note 3. Let a = AB = breadth of the formation level, d = Mm = depth of 
cutting or embankment, and r = ratio of the slopes. Then l:r::d:dr = oC; 
bonce dr + $v = MC = MD; 2(dr + $ u ) = 2dr + a = CD = surfaca 
width of cutting or embankment; and 4(AB + CD) X Mm = (dr + a)d 
— area of the cross section. 



The same things being given as in the last Problem, to set out 
the width of the cutting, when the ground is laterally sloping, the 
lateral fall of the ground in a given horizontal distance being 
also given. 

Let C D be the sloping surface of the ground, ABDC the 
cross section of the cutting, and pD' a horizontal line passing 
through the centre stump, M, MD' being the computed half 
width of the cutting. — Fix the levelling instrument so that by 
turning the telescope 2, 8 or more chains of the line may be 



M mi by the ratio of the slopes, to 
which add the half width A m or 
'« M, the sum is half the surface 




Am B 



EXAMPLE. 



Problem IX. 
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seen, on both sides oFit; set up a levelling staff at M, and an- 
other at y, not exceeding a chain's distance from M, observing 
the level readings 
on both staves, the 
difference of which 
is equal to pq; mea- 
sure the sloping and 
horizontal distances 
My, Mp with a tape 
line in feet. Then 
A mB take the computed 

half width MD 1 , 

(found by the last Problem) and multiply it by My, reserving 
the product ; multiply the difference of the stave readings p q 
by the ratio of the slopes, add and subtract the product to and 
from the horizontal distance M p, reserving the sum and differ- 
ence; lastly, the reserved product, being divided by the reserved 
sum, will give the corrected half width M C, and by the re- 
served difference the corrected half width M D. 

EXAMPLE. 

The depth of the cutting at M is 22 feet, the bottom width 
A B = 36, the sloping distance My = 25, the level distance 
Hp = 24, the difference of the readings of the staves pq = 7 
feet, and the ratio of the slopes as 1^ to 1. What are the cor- 
rected half widths M C and MD? 
22 x H + V = 33 + 18 = 51 feet = computed half width 
25 

1275 reserved product. 

24 

7 x li = 10£ 

reserved sum = 34£) 1275 (36 95 feet = cor. £ width M C. 
reserved diff. = 13$) 1275 (94 44 feet = cor. & width M D. 

Cttnstructum of the cross section. — Draw B LV M m, as in 
l'rob. I. j lay off the given horizontal distance M p = 24 feet ; 
draw pq parallel to Mm, and equal to the difference of the 
stave readings at M and q; through M, y draw C D, meeting 
AC in C and B D' prolonged in D; then A B D C is the re- 
quired cross section. 

Note]. The following general formula for the values of MC, MD, is easily 
remembered, end would perhaps be preferred to tbe rule, as given above, by 
those who are accustomed to the use of symbols. 
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Corrected J width = J^T H - 

The positive sign is med forMC, and the negative for MD; MIV being = w', 
p q = h, M5 = 1, Mp = I, and the ratio of the slopes as r : 1. The in- 
vestigation of this formula is given in Baker't Railway Engineering, page 35, 
wherein, when h ia very small, $ may be taken = I without error. 

Notb 2. If the figure A B D C be inverted, it will obviously represent the 
crosa section of an embankment of like dimensions, the longer distance, in this 
case, being measured down, and the shorter up the slope. 

Problem III, 

The same things being given, as in Prob. II., to set out the 
width, when it consists partly of a cutting and partly of an Em- 
bankment. 

In the annexed figure B DP C A is the cross section of the 
works of a railway, consisting of the cutting B P D and the 
embankment A P C ; AB 
is the formation level, M 
the central stump, and DC 
the sloping surface of the 
ground. When the cutting 
B P D extends over more 
than half the formation level 
A B, the corrected half 
width M V is found as in 
Prob. II. But to find the 
other corrected half width MC, passing under the embankment 
A PC, proceed as follows. Multiply MD by the difference of 
the width of the formation level AB and the estimated half 
width MD', and divide the product by MD', and the result will 
be corrected half width M C. 

EXAMPLE. 

Let the bottom width AB = 36 feet, the depth Mm = 4 feet, 
the ratio of the slopes aa 2 : 1, and the difference of level 
readings 7 feet at 25 and 24 feet from the central stump, re- 
spectively estimated on the slope and horizontally; required the 
corrected half width M D, M C, 

By Prob. L... 4 x 2 + ~ = 26 feet = estimated J width MD'. 
By Prob. II. . = 65 feet = corrected £ width M D. 

By Prob. III. MX( ^~ M) = 25 ft. = corrected * width M C. 
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Construction of the cross section. — Proceed as in Problem IJ.j 
excepting that A C must here be drawn parallel to B D. 

Notb 1. The formula for finding the corrected half-width, where there is 
both a cutting and an enbankment is 



wherein o> is the width of formation level, and tlio other symbols tho same as 
in Note 1, Prob.'ll. See Baker') Railway Engineering. 

Notb 2. To find tho distance from M to P, where the cutting and embank* 
ment meet, use the following proportion! 

as pq-.ilq:; Mm: M P, 

that is, 7 : 25 : : 4 : — = 14*28 feet = MP. 
or the formula —r -=MP. 

Note 3. When the sloping surface of tho cutting passes through the middle 
point of the formation level, that ia, when the points H, m, and P, coincide; 
then »i = $oj> and the formula ia Note I, becomes 



MC = MD = 



In this case the cutting and embankment are equal. 

Notb 4. By inverting tho cross section of thia Problem, it will at once bo 
seen that a like calculation will bo required, in tho case of APC being a cutting, 
and B P D an embankment. 

PitOJiLEBI IV. 

To find the surface width of a cutting where the ground is 
very uneven. 

The annexed figure is a 
n S cross section of a cutting, 
wherein the surface CMD of 
the ground is very uneven. 
The method of solving this 
Problem is by approximation, 
A "' *** and will be best shown by an 

example in numbers. 
Let AE = 36 feet, Mm = 32, and the ratio of the slopes as 
2:1; then MC = MD' = 32x2+^x 36 -= 82 feet; lay 
GIF this distance horizontally from M to d ; then d ia directly 
above D'. Observe the difference of level readings at M and d, 
which in this ease 13 9 feet; which being multiplied by the 
ratio of the slope?, that is by 2, gives 18 feet = approximate dis- 
tance Drfj whence MD = Mrf + dl> = 82 4- 18 = 100 feet. 
Again, place a level staff at D, and the reading will be found to 



Digitized by Google 



CUTTING AND EMBANKING. 187 
be 9.7 feet greater than that at M, or 97—9 = 0-7 feet greater 
than at d\ therefore the place of the point D requires further 
correction, which is thus effected ; 0*7 x 2 = 1*4 feet = second 
corrections whence MD = 100 1*4 = 101-4 feet} which, as 
the latter correction is small, may be safely assumed to be the 
true distance of D from M, or the horizontal distance M q. The 
method of 6nding the other corrected half width MC = horizontal 
distance Mc, is the same as that just given, excepting that the 
repeated corrections are subtracted from the computed -J- width 
instead of being added thereto. In this manner the horizontal 
distance of C from M is found to be 61*8 feet. 

Construction of the cross section. — Draw ABD' C, as in the 
preceding Problems; on C M D', as a datum line lay off the re- 
duced levels of the several undulations of the surface CMrfD 
of the ground; (see Chap. I., p. 148,) then AB DC is the sec- 
tion required. 

Note I. When the differences of the levels at M, d and D are very great, it 
will require three, four, or more approximations, similar to those just given, to 
each of the corrected half widths. 

Note 2. This cross section may be inverted for an embankment, as in the 
preceding Problems. 



LEVEL BOOK. 

A level book of the following form is used in setting out the 
cuttings and embankments of railways. 



No. of 


Depths of 
Cuttings 

Emhanlt- 


Computed 
Half 
Widths. 


Corrected Half Widths 
to Edge of Cuttings of 
Foot of Embankment. 


Whole 
Widths 

Including 
Fences, 
each 6 feet 

in Width. 


North. 


South. 




feet. 


feet 


feet. 


feet. 


feet. 


is (183 


■23-00 


5 7 00 


61-80 


101-40 


175 20 


= \ 184 


4-00 


21-00 


22 63 


48-37 


83-00 


5 ( 130 


30*80 


60-90 


6477 


7132 


148 00 


4 - 1 186 




1B-24 


1800 


19-44 


49 44 


T- r- ie7 


16-08 


39-12 


4068 


58-24 


11002 


% 5 (183 


2000 


3000 


30-16 


48 00 


9G-16 



Note. The depths iu the second column, are found by calculation. (Sea 
Levelling, p. 154,) or by careful measurement from the sections; hut the latfor 
method is the less correct of the two. The computed half widths, in tho 3rd 
column, are found by Prob. I.; the corrected half widths, in the 4th and 5th 
column, by Prcbs. II., III., and IV., and the widths in tho last column are tho 
sums of these in tho 4th and 5th plus the breadths of the two side fences of 
the railway. 
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Problem V. 

To calculate the quantity of land for a projected railway. 
In preparing the estimates for a projected railway, the requi red 
quantity of land is commonly found, without respect to the 
lateral sloping of the surface of the ground, by taking con- 
siderable lengths of regularly rising or falling ground, in one 
calculation, the depths of the ends of such lengths being mea- 
sured for the purpose with the vertical scale. 

Rule. — Find the surface widths, fences included, from the 
given depths, at each end of the given length, by Prob. I.; 
multiply their sum by the length in chains, and divide the pro- 
duct by 1320 for the product in acres. 

EXAMPLE. 

Let the length be 16 chains, the depth of the cross sections 
at the ends 18 and 58 feet, the width of the formation level 
36 feet, the ratio of the slopes as 2 to 1, and the width of the 
fences 6 feet ench; required the area of the surface. 

By Prob. I. 

36 + 18 x 4 -|- 6 x 2 = 120 = width of one end, 
38 + 58 x 4 + 6 x 2 = 280 = width of the other, 

400 = sum of widths. 
16 

1 32-0)640-0 

The content = 4-84848 = 4a. 3r. G\p. 

Or, by putting «' and »" = computed \ widths of cuttings, as 
found by Prob. I., I = length, and f = breadth, of one of the 
fences, there will result, 

(«' + »» + 2f) X I (54 + 134 + 12) X 16 . OJD .„ 

660 = 660 = 4-84648 acnwbore. 

Problem VI. 

To find the exact quantity of land for a railway. 

Rule. — Take the widths, at the end of every chain, from thn 
last column of the level book; add continually together the first 
and last widths, with twice the sum of all the intermediate wicUhs, 
and divide the result by 1320 for the content in acres. 
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EXAMPLE. 

Required the content corresponding to the several widths, in 
the preceding level book. 

83-00 
148-09 
49-44 . 
110-92 



782-90 = twice sum -of intermediate widths, 
17-5-20 = first width, 
96-16 = Inst width. 




= Oa, Sr. 8p. the content. 
Note. It is usual in practice to find the contents or the ground required 
for the works of a railway from the several proprietors, by measurement from 
the two-eliain plan, prepared for the use of tlio contractors. Copies are also 
taken from the plan, showing the positions and extents of ground required from 
the several proprietors for the works of the railway. 



CHAPTER IV. 
TUNNELLING. 

1. When the depth of a railway cutting reaches 60 feet, and 
the ground afterwards rises rapidly for a considerable distance, 
the further progress of the works of the line will be the moat 
economically conducted by making n tunnel: previous to the 
setting out the earthwork of which, the ground, under which it 
passes, must be again levelled with great care; and, if the 
tunnel pass beneath a very high summit, the levelling operation 
must be checked by the method given in Chap. L, p. 156: for, 
if there be the most trifling inaccuracy in the section, the gra- 
dient or gradients, on which the tunnel is proposed to be formed, 
will not meet at the points shewn on the section, thus greatly 
embarrassing the raining operation. See the tunnel, Plate III. 

2. If the tunnel be formed on a single straight gradient, the 
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gradient must be so arranged as to incline to one of its ex- 
tremities; that thus the water, generated in the tunnel, may be 
discharged. Strong straight poles must be firmly and perpen- 
dicularly fixed on the surface of the ground, in the proposed 
direction of the tunnel, one of which must be at the summit, 
from whence the direction of both ends of the tunnel may be 
observed, that the shafts from the surface to the tunnel may be 
sunk in the true direction. The shafts are usually sunk at the 
distance of four or five chains from one another, for the purpose 
of ventilating the tunnel, as well as for drawing the earth, &c. 
out of it, and for checking the accuracy of the work, during the 
mining operation, the depths of the shafts being-determined by 
measurement from the section. 

3. If the tunnel be a long one, and in springy ground, it 
would be advisable, if convenient, to form it upon two gradients, 
inclining to the extremities of the tunnel, as this arrangement 
would contribute much to the liberation of the water, during the 
mining operation, which is usually commenced at both ends of 
the tunnel at the same time, — but, if the work of the tunnel be 
required to be also commenced at the bottom of the shafts, as 
soon as they are sunk, which is sometimes the case, the generated 
water must be drawn from the shafts, or a head-way must be 
driven from the extremities of the tunnel to the shafts to take 
off the water. — A head-way being only 5 feet in height and 3 
in width, may be more readily formed than the more extensive 
works of a tunnel, and will be found the most efficient method 
of draining a tunnel in a wet or springy ground, and thus greatly 
facilitate the mining. operation. 

4. When the tunnel is required to have a curve, through 
a part or the whole of its direction, the curve must be carefully 
laid out on the surface of the ground, by one or other of the 
methods given in Chap. II., proper allowances being made foi 
acclivities and declivities, and strong poles being fixed in the 
whole direction of the tunnel, as pointed out in Art. (2.), that 
the shafts may be sunk so as accurately to meet the works of 
the tunnel below, that their true direction may be secured, this 
will be more especially necessary where the tunnel is curved, 
though curves ought, if convenient, to be avoided in tunnels, as 
accidents, attributable to curves, are more dangerous in tunnels, 
there being less chance for escape, while assistance cannot be so 
efficiently given in such secluded situations. 

5. If the mining operations of the tunnel be required to com- 
mence at the bottoms of the shafts, before the head-ways have 
been driven to them from the ends of it, the angle that the 
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magnetic meredian makes with the direction of the tunnel must 
be carefully observed at the top of each shaft, with n. miner's 
compass, (a kind of circumferentor,) that the proper direction of 
the work may be set out with the same instrument at the bot- 
tom of the shaft: but, if the tunnel be curved, the direction ot 
the tangent to the curve at the top of each shaft must be ob- 
served, that the same direction may he given to it at the bottom 
of the shaft, and that from thence the curve may be laid out in 
the tunnel, in the same direction as it was on the surface of the 
ground; it would he also advisable to bore from the surface to 
the tunnel, before the works thereof have proceeded far, to test 
their accuracy, as ferruginous matter in the earth might cause 
the magnetic needle to deviate, and thus give a wrong direction 
to the works, if this precaution be not taken. 

6. The excavations of a tunnel on the narrow gauge should 
be about 30 feet in depth and width, the depth extending 5 or G 
feet below the intended line of the rails, to give room for the 
inverted arch and the ballasting: but when the tunnel is made 
through rock sufficiently hard to form the side walls, its height 
need not exceed 22 or 2£ feet, and its width 26 feet, the exca- 
vation in this case extending only to the formation level. For 
the railways on the broad gunge the excavations of the tunnel 
must be proportionally larger. 

The cross-section of the masonry of 
tunnel is shown in the annexed figure, 
with the ballasting on which the rails 
are laid. This cross-section is such as 
is [required where the excavation of the 
tunnel is made through loose earth, the 
nrch above being only requisite when 
made through hard rock. — The follow- 
ing notes on the construction of tunnels, 
are chiefly extracted from Dempsey's 
Practical Railway Engineering. 

Note 1. Like mining and nil other suliterrnncnn operations, the conetnic- 
tion of a tunnel can be but little aided by mechanical appliances; it chietly 
requires linrd manual labour, exercised under circumstances which do not ad- 
mit of that thorough superintendence which promotes economy, and, moreover, 
liable to unforeseen interruption?, of surmounting which neither tho manner nor 
tlio expense can be predetermined. Thus the Kilsby tunnel, on the North 
Western Rniln-ay, was estimated to cost £40. per yard lineal; whereas the 
actual cost was £130 per yard, owing to its intersecting a quicksand that had 
escaped the trial borings. Thus a vast expense was incurred in setting tip and 
working pumping machinery to dry the sand. Tho Box tunnel on the Great 
Western Railway, excavated through oolite rock, and lined with masonry only 
through a portion of its length, cost upwards of £100. per lineal yard. The 
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length of this tunnel ia 3123 yard?, or upwards of 1 J milt? ; it lias eleven prin- 
cipal shafts, and four intermediate ones. The Bletchingly and Saltwood 
tunnels in the South Eastern Railway, cost respectively £72. and £118. per 
lineal yard, the greater cost of Hie latter work arising from the great body of 
water in the sand which it intersects. — The method of proceeding with 
tunnelling depends mainly upon the kind of material to be excavated. This 
having been generally ascertained by boring and trial shafts, which must be 
sufficiently capacious to admit readily of lowering men and materials, raising 
materials excavated, fixing pumps, and also for starting the headway of the 
intended tunnel, when the required depth is leached. 

Note 2. The working shafts are made from 8 to 10 feet internal diameter. 
They are of brick work, usually 9 inches thick, and carried up 8 or 10 feet 
above the surface of the ground. These, and all other shafts, rest upon curbs 
uf cast iron, fitted into the crown of the tunnel, and forming a level base for 
the shaft. The air shafts are of a smaller thickness and diameter, the latter of 
which ia usually about 3 feet. — The number of working shafts will depend 
ehieliy on the rate of speed with which the work is required to he accomplished. 
With plenty of men, horses, material, and plant, the work is much facilitated 
by sinking extra shafts, which will usually repay their cost. 

NotbS. The Watford tunnel, 75 chains in length, on the North Western 
Railway, was worked with six shafts, about 8 feet ioternal diameter; the brick 
work was moulded to lit the circumference of the shafts, and laid in two half- 
brick rings. Air shafts were sunk at about 2\ chains distance on each side of 
each working shaft. The arch and side of the tunnel were chiefly made two 
bricks thick, and the invert one aud a half brick, except where the stratum, 
passed through, seemed to suggest an increased or diminished thickness. The 
form of the top of the tunnel is nearly semi circular, supported by curved side 
walls standing on stone footings, or skew backs, which rest on the invert. 

Nuts 4. In commencing the work of the Sall«ood tunnel, referred to in 
Note I., great difficulty was encountered from the great quantity of water in 
the green sand, which tbe tunoe! intersects. The course aduplcd was to make 
a headway 5 feet bigh and 4 wide quite, through the bill, on a level with the 
bottom of tbe tunnel, in which the water w.is collected an 1 drained olf before 
tbe tunnel was begun. The size of Ibis, and also the Blelcbiogtey tunnel, is 
2 J feet wide at the broaii' ■■ [mi I, .l.i I. ir.fluiiiit;; -.lie eidc wal'-i; 2'.< i ft hi^ i 
in [ho clear, 30 feet including tbe invert and tup arch, and 21 feet above tbe 
Icvrl of tho rail*. T:ic bri.k wjrk of tbe top arch and walls varies from a J to 
4 bricks in thickness ; and tbe invert is 3 bricks in thickness. 

Nora 5. The section of the Box tunnel, already referred to, was designed to 
Ijo lict wide fit the sprin^in^ of tbe invert, and 30 feet wide at a height of 
7i feet above this, and the clear height above the rails 2.") feet. As a great 
portion of the tunnel ia constructed by mere excavation, and without masunry, 
these dimensions ore, in some cases, departed from, in order to clear away loose 
portions of the stone, aud secure solid surfaces. Where brick work is used, the 
sides are seven half brick rings in thickness, the arch six, and the invert four. 
During the construction, the constant flaw of water into tbe wurks, from tbe 
numerous Assures of the rock, compelled pumping on a most expensive scale to 
be adopted. 

Notb 6, When much water issues from the earth, in sinking shafts or build- 
ing tunnels, tbo back of the wall should be well lined with puddle, and Roman 
cement should be used instead of mortar. The entire tunnel at Kilsby was 
built with Roman cement, the thickness of the brick-work being mostly 27 
inches. This ttmnel is 2423 yarda long : it has two ventilating shafts 60 feet 
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in diameter; Hie brick-work of which is 3 feet thick, and laid in Roman cement 
throughout: those shafts intersect the line of the tunnel, and form curved 
reeessea, by part of their width extending beyond the -tunnel on both aides. 



CHAPTER V. 
THE METHODS OF FINDING THE CONTENTS OF 
RAILWAY CUTTINGS, &c. 
In malting the estimates for a projected railway, the contents 
of the several cuttings, embankments, &c, are in most cases 
found by tables, calculated for the purpose, the surface of the 
ground being considered as on the same level as the centre of 
the line. But when the projectors of the line have been em- 
powered to construct it, cross sections of the cuttings are care- 
fully taken, at every variation of the surface of the ground, 
especially if the surface be sidelaying, or inclined laterally with 
respect to the direction of the line, as in the cross sections in 
Problems II., III., and IV., Chap. III. The distance of these 
cross sections may vary from 10 or 12 chains to les3 than 1 
chain, according to the regularity or irregularity of the slopes 
of the surface. These cross sections must next be plotted on a 
large scale, as in the problems just referred to, and their areas 
found by any of the methods given in Chap. III., preparatory 
to finding the contents of the cuttings by tables; but if the 
surface lines of any of the crosB sections be level, or so nearly 
so as to be readily reduceable to a level surface line by casting, 
their areas need not be found, their depth only being required 
iur finding the contents by the tables. 

Note. Some take a mean of the areas of every two consecutive crosa sections, 
and others a mean of the depths, where the surface line ia level, as a basis for 
calculating the contents nf the cuttings, which methods are both erroneous, espe- 
cially where the consecutive areas or depths of the cross section differ con- 
siderably. 

TABLES FOR FINDING THE CONTENTS OF RAILWAY 
CUTTINGS, &C. 

Numerous tables exist for this purpose, some of which are 
voluminous; those by M'Neiil, Bidder, Huntingdon, Hughes, 
Bashforth, Sibley, and Rutherford, Law and Lowe, are well 
adapted for the purpose, assuming the surface line of the cross 
sections to be level, or to be reduced to \haX position; hut none 
of these tables will properly apply to sectional areas, which is the 
most important part of their use, excepting Bashforth's; but his 
method of using them is erroneous, the error approximating to 
50 per cent, as a maximum, I would therefore recommend for 
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this purpose, the General Earthwork Table*'m conjunction with 
Two Auxiliary Tables, on the same sheet in Baker's Engineer- 
ing, a9 being applicable to all varieties of ratio of slopes and 
widths of formation level in common use; and with the help of 
Barlow's Tables of Square Souls, these tables will apply to sec- 
tional areas, with all the mathematical accuracy that can be at- 
tained, with very little more calculation than adding the contents 
between every two cross sections, as given by the General Table. 
— The contents in the General Table are calculated to the nearest 
unit, as are also those in the Auxiliary Table, No. 2, which is for 
the decimals of feet in the depths. The Auxiliary Table, No. X, 
showB the depths of the meeting of the side slopes below the 
formation level, with the number of cubic yards to be subtracted 
from the contents of the General Table for each chain in length, 
for eight of the most common -varieties of ratio of slope. 

Notb I. These Tables, ■with very little additional calculation, may be ex- 
tended to every variety of formation level and ratio of slopes that can occur, 
and even to cases where that ratio differs in the two Bides of the same 
cutting, as shall be shewn in the following Problems. 

Note. 2. The investigations of the method of forming these tables and using 
them are given in Maker's Raihoay Engineering, also further investigations are 
given at the end of the following Problems, respecting Mr. Bashforlh's 
ErrMtOVt Methods of Calculating Earthuork. 

The following diagrams and explanations will further illustrate 
the method of taking the dimensions of railway cuttings, pre- 
paratory to using the above named tables. 



content of which is to be deducted from the whole content, given 
by the General table, by means of the table No 1.; in which 
the depth M'N=m'n is also given, as already stated, to several 
varieties of slope and bottom width. 

• The numbers for the side elopes, forming the alternate lines in Bidder's 
Table, will supply the place of the General Table, and the formula Prob. III., 
page 199 gives the cubic yards to be deducted for each cbain in length, the 
quantities for the decimals in the depths, as shown by Table No. 2, may be 
omitted by taking the nearest whole numbers in the depths. 




c 



Let A B T) C c a b d, be a railway 
cutting, of which ABDC, a bde 
are the. cross sections, AB=a6= 
width of formation level, MM', mm' 
the middle depths of the two cross- 
sections; the side-slopes A C, B D, 
a c, b d, when prolonged two and 
two, will intersect at N and n, at 
which points the prolongations of 
M M', m tri will also meet, thus con- 
stituting a prism ABKmaA, the 
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To place this subject in a more practical point of view, let 
the annexed figure represent a longitudinal and vertical section 
of a cutting, passing through the middle A E of the formation 
level- H I, the line of the rails, and a h, the line in which (he 
slopes if prolonged, would 
meet. It will be seen that 
the cutting AbcdE com- 
mences and runs out on the 
formation level A E, and 
that the depth A a = B e 
= C/= &c. is to be added h 
to the several depths B b '^7- 
C c, D d of the cutting, the A ! 

first and last depth at A and -± - . ■ 

E being each = 0; or, what ^ 9ft 

amounts to the same thing 

the several depths must be measured from the line ah: thus, 
Au, be,cg, &c. are the depths to be used. And since the depth 
A a is given in Table No. 1, for all the most common cases, or 
it may be readily found by calculation for all cases, as shall 
hereafter be shown, the line corresponding to ah must, there- 
fore, be ruled on the railway- section, at the proper distance 
below AE, from which the several depths must be measured; 
or the vertical scale may be marked with Indian ink (which 
may be readily rubbed off) at the same distance, and this mark 
may then be applied to the formation level A E, for the purpose 
of measuring the several depths. — In the case of an embank- 
ment, the line for the several depths must be placed at a like 
distance above the formation level. 

Problem L 

The several Oepths of a railway cutting to the meeting of the 
side slopes, its witdh of formation level, and the ratio >jf the 
slopes being given, to find the content oj the cutting in citbic 
yards, from (he Tables referred to, the distances of the depths 
being one chain each. 

Rule. — Take the several quantities corresponding to every 
two succeeding depths of a cutting or embankment, measured 
to the meeting of the side slopes, at the distance of 1 chain each, 
from the General Table in Baker's Railway Engineering and 
multiply their sum by the ratio of the slopes; from the product 
subtract the cubic yards corresponding to the given bottom 
width and ratio of slopes from Table No. 1., multiplied by the 
whole length of the cutting, and the remainder will be the 
content of the cutting in cubic yards. 
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But when the distances of the depths are greater or less than 
1 chain, the quantities of the General Table must be multiplied 
by their respective distances. — And, when the distances are 
given in feet, the quantities must be multiplied by those dis- 
tances, and the final result divided by 66 for the content in 
cubic yards, as in the following examples. 

EXAMPLES. 

1. Let the depth of the railway cutting or embankment to 



the meeting of the side 









0 

1- 00 

2- 00 

3- 00 

4- 00 


10 

33 
39 
35 
10 


1233 
3175 

3350 
1365 


For slope 1 to I 


. 9128 
2 






18256 


Subtract 1 
275 X 4 ( ~ 

Content in I _ 
cubic vela. J — 


: 1100 
=17156 



DIst, !" 




F-ruducU- for DUt 


Total 








quantities. 


0 


10 






1-00 


16 




420 




20 




795 


4 '00 


25 


1243 X 2 


2486 


5-00 


32 




1996 


7-00 




3091 X 2' 


6182 


800 


45 1 




4319 


10*00 


50 


5520 X 2 


11040 


12O0 


40 


4971 X 2 


9942 


13-00 


30 




3015 


14-46 


10 


1059 X H6 


1546 




slopes 


ttoi ! ; ; 


41741 








20870 






ttol . . . 


62611 




366 


67 X 14-46 = 


5302 




Content Id cubic yards 


57309 



at the end of every chain, be as in 
the following table, the bottom width 30 
feet, and the ratio of the slopes as 2 to 
1; required the content in cubic yards. 

Note. In the annexed table the quantity 1238, 
corresponds to the depths 10 anil 33 feet, in the 
General Table; the quantity 3175 to (be depths 
33 and 39, and so on for the succeeding depths. 
By the Auxiliary Table No. 1, it will be seen, that 
the depth to be added below the formation level, 
for tlie given width and ratio of elopes, is 7-50 = 
7i feet, therefore, the cutting begins and ends with 
a depth of 10 — 7 i = 2} feet. The correspond- 
ing number of Cubic yards, to be deducted for each 
chain in length, is multiplied by 4 chains, the 
whole length of the cutting, thus giving the whole 
quantity to be deducted, the remainder being the 
true content in cubic yards ot the cutting. 

2. The several depths 
of a railway cutting to the 
meeting of the side slopes 
are as in the annexed, 
table, the bottom width 
being 30 feet, and the 
ratio of the slopes 1^ to 
lj required the content 
of the cutting. 

Note, When any of the dis- 
tances between two succeeding 
depths is greater or tesa than 1 
chain, the corresponding quan- 
tity from the General Table 
must be multiplied by that par- 
ticular distance; as the distances 
between the depths 20 and 25, 
and between 32 and 39, &c. the 
distances being each 2 chains. 
The last distance, viz., that be- 
1-46; in this 



* 2 figures most be cut off for decimals, after multiplying. 
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DcprhB 


yuan mics multl- 


Total 










0 


37 






90 


50 


4660 X 90 


419400 






7554 X 88 




278 


39 


6210 X 100 


621000 


For si 


pes 1 


o 1 .... 


1705152 




— i 


*1 . . . . 


652576 




— 14 


A> I .... 


J557728 




a 


66-67 X 278 = 


101933 


Content in cnbic yards . . . 


2455795 
37209 
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3. Let the depths of a 
railway cutting to the 
■ meeting of the side slopes, 
and their distances in feet 
be as in the annexed ta- 
ble, the bottom width 30 
feet, and the ratio of the 
slopes l£ to 1; required 
the content in cubic yards. 

Notb. When the distances 
are in feet the quantities from 
General Table must be respec- 
tively multiplied by their dis- 
tunces, the quantity from Table 
No. 1 by the whole distance, 
and the result divided by 66, the feet in 1 chain, for the conlent in cubic yards, 
as in the annexed operation. See Bakers Railway Engineering. 

Problem II. 

Case I. — The areas of two cross sections of a railway cutting 
to the intersection of the side slopes, its length in chains, bottom 
width, and ratio of the slopes are given ; required the con'ent oj 
the cutting in cubic yards. 

Kole. — With the square root3 of the given areas, as depths, 
find the content from the General Table, as in the last Problem, 
from which subtract the quantity answering to the given width, 
and the ratio of sides slopes from Table No. 1, and the remain- 
der, being multiplied by the length, will be the content required. 

Note. If tbe length be given in feeljproceed as in Example 3, last Problem. 
EXAMPLES. 

h Let the two sectional areas of a cutting he 4761 and 1296 
square feet, the bottom width 36 feet, the length 3-25 chains, 
and the ratio of the side elopes 2 to 1; required the content in 
cubic yurds. 

= J?l content per General Table... 6959 
•J 1 296 = Ah) 

For bottom width 36 and slopes 2 to 1 per ) „ ne 

Table No. 1 !.../ 396 

Content of 1 chain in length .. 



Content for 3 25 chains. 



21330 cubic yds. 



198 CONTENTS OP CUTTINGS, &C. 

Case II. — To find the content when the depths are given in 
feet and decimals of feet. 

Rule. — Let a and b be the feet in any two succeeding depths, 
and a and 3 their respective decimal parts; find the quantity 
answering to a and b from General Table, as in the former 
cases; then, 

2 a + P, rejecting the last figure, and * will shew the number 
to be added in Auxiliary Table No. 2, and 

2b + a, rejecting the last figure, and P will shew the number 
to be added in the same Table. 

After which deduct for the quantity below the formation level 

as before. 

EXAMPLE. 

Let the sectional areas be 1406 and 2560 square feet, the 
bottom width 36 feet, length 4 chains, and ratio of slopes 1^ to 
lj required the content in cubic yards. 

Here ^1406 = 37-5 and 2540 = 50-4. Put 37 = a, 
50 = b, '5 = '4 = P; then the depths a and b, per General 

Table, give 4660 

2a + b = 124, or 12, (by rejecting last 
figure) and P = -4, per Table No. 2, give 
2 b + a = 137,.or 14 nearly, (by rejecting 
last figure) and « — *5 give 

4746 

For bottom width 36 and ratio of slopes \i to 1 - 0o 

1, deduct |_££2 

Content for 1 chain in length 4218 

4 

Ditto for 4 chains in length 16872 cubic yds. 

Case III. — In measuring contract work, where great ac- 
curacy is required, the -j^ths of a foot, or second decimals, 
must be used in the calculation, by taking for them j'^th of their 
respective quantities in Table No. 2. 

EXAMPLE. 

The areas of seven cross sections of a 
railway cutting to the meeting of the side 
slopes, and their distances are as in the 
annexed table; the bottom width is 30 feet, 
and the ratio of the slopes l£ to 1; required 
the cubic yards in the cutting. 

Ans. The content, per General Table, and 
Table No. 2, is 172318 cubic yards, from 
which the quantity corresponding to the 




9-60 
1400 
16-00 
1800 



2727 
S136 
4221 
4100 
5143 
3759 
2161 
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given bottom width and ratio of slopes x by the whole length, 
viz. 275 x 18 = 4950 cubic yards, must be deducted, which 
leaves 167568 cubic yards, the content required. 

Notb 1. — When the distances of tho sectional areas are given in feat, the 
quantities of the General Table must be multiplied by their respective distances, 
and the final result divided by 06, as in Example 3, Prob. I. 

Note 2.— When the surface lines of the sectional areas are cither level or are 
readily reducible to that positiun, the decimals, if any, in depths mu3t be taken 
into the calculation, as in Cases II. and III. 

Problem III. 

To adapt t/ie General Table to such widths of the formation 
level and ratios of slope as are not found in Toole No. 1. 

Put « = \ width of formation level, and r : 1 the ratio of slope. 

Then ^ = feet to be added to the depth of cutting below 
formation level. 

And — — = cubic yards to be subtracted for each chain in 
length. 

EXAMPLE. 

Let the width of formation level be 26 feet, and the ratio of 
slopes 1^ to 1; then « r r = 13 r H = 10'4 it. = distance 
below formation level to meeting of slopes. 

And 22 x 13* -f- 9 x 1| = 330 5 cubic y ards to be deducted 
for each chain in length from the contents of the General Table. 

Problem IV. 

To find the content of a cutting, when each of the sides have 
two different ratios of slope. 

Rule. — When the cutting ABCD 

has two diiferent slopes, as A a or B h ^ ^ 7 

and a C or AD; it must be divided \ / 
into two parts by the line a b, and the \ j m / 
quantities of the parts ABA a, abDG \"'.\ "". ■'/ 

of the cutting must be found separately \\ :/ 'I 

by Prob. I. If the surface line CD he / 
sloping or curved, Prob. II. will also A V ji? B 

be required; and, if the depths m' n, W 
mN and their corresponding quan- 
tities of cubic yards are not found in 

Table Wo. 1, they must be found by Prob. HX, the sum of the 
contents of the two parts being the required content of the 
cutting. 
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Hotb. Cuttings of tliia kind are often advantageously adopted, where their 
upper parts are of loose or springy earth, and their lower parts strong clay or 

Problem V. 

To find the content of a cutting when the ratio of the slopes 
of the two sides are different. 

Case I.— When tie surface is level. 

Rule. — Find the central depths to the meeting of each of the 
side slopes, and take their corresponding contents by Prob. I. 
for the whole length of the cutting, in the same manner as if it 
were for two cuttings, and from the sum, subtract the sum of the 
cubic yards corresponding to the given bottom width and ratios 
of slope multiplied by the whole length of the cutting, and half 
the sum will be the content required. 

Case II. — When sectional areas are given. 

Rule. — Find the contents corresponding to the sectional areas 
to the meeting of the side slopes by Prob. II., and from their sura 
44 afil 

deduct — - — ^ cubic yards for the content. In this for-, 

mula « = I bottom width, / = whole length of cutting, and r 
and r' the first terms of the ratios of the side slopes. 

Note. Cuttings with slopes of this kinil are frequently adoplcd in practice, 
where the ground is springy on one aide of tbem, the greater ratio of slope being 
on the springy side. 

Problem VI. 
To find the quantity of the cutting of a tunnel. 

Rule. — Multiply continually together the width, mean height 
and length; divide the product by 9, if the length be given in 
yards, but, if the length be given in chains, multiply the pro- 
duct by 22 and divide by 9, the width and height, in both cases, 
being given in feet. 

Note. Examples are not given In the three last Problems, the methods of 
solving which being sufficiently obvious from the Rules and the Srst three 
Problems, 

THE FOLLOWING EXAMPLES SHOW 1 THE*' ERRORS OF METHODS 
PUT FORTH BY MR. BASHFORTH AND OTHERS, TO FIND THE 
CONTENT OP CUTTINGS. 

EXAMPLES. 

1. The areas of two cross sections of a cutting to the meeting 
of the intersection of the side slopes, are 1296 and 361 square 
feet, their distance one chain, and bottom width 36 feet, and the 
ratio of the slopes 1 to 1 ; required the content of the cutting by 
the true and the erroneous methods practically used. 
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(1.) By the true method; — 

= JJ1 content by General Table 1907 
v 361 = 19 J * 
Deduct from Table No. 1 792 

True content for 1 chain in length 1115 cubic yds. 

(2.) By Mr. Basbfortk's method:— 

By Table No. 1, the depth of the meeting of the side slopes 
below formation level i3 18 feet; hence the area of the triangle 
below it. is 36 X 9 = 324 square feet, which, being taken from 
the given sectional areas, will give 972 and 37 square feet for 
the areas used by Mr. Bashfortb; whence, 

= 81*1 8 \ C(mtent b General Table, &c, 975 cubic yds. 
V 37 = 6'08 ) 

This consent taken from the true content, given [defect. 

above, leaves 140 error in 

Whence 975 : 140 :-. 100 : 14-36, or above I4£ per cent the 
error tn defect by Mr. Bashforth's method. 

2. Let the areas of the two cross sections to the intersection 
of the slopes be 324 and 2916, and the other things as in the 
last example, required the content of the cutting by the correct 
and erroneous methods. 

(1.) By the true method: — 

VJ2196 = 54 1 content by General TablQ 3432 
*J 324 — 18 J 

Deduction from Table No. 1 792 

True content for 1 chain in length 2640 cubic yds. 

(2.) By Mr. Bashforth's method: — 

Here t he sec tional areas used by Mr. B. are 2592 and 0, 
whence ^ ^j^ j" conLent D 7 Gen. Table 21 12 nearly, 



which taken from the true content leaves .. 



3 t defect 



Whence 2112 : 528 :: 100 : 25 per cent, the error in defect 
in this case. 

By taking a. mean of the areas in example 1. 

( (972 + 37) X y = 1223$ cubic yards, which exceeds the 

true content 1 1 Si cubic yards, being about 9| per cent, in excess. 

9* 
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By taking a mean of the areas in example 2. 
J(2592 + 0) x 3168 cubic yards, which exceeds the 

true content by 528 cubic yards, being 1G| per cent, in excess. 

Note. By tatting a mean depth the error 111 defect is just half the pre- 
teding one/or 8j percent. These methods only give a near approximation to 
the true content, when the sectional areas of a cutting are nearly equal. Sea 
the results of the following formula and remarks. 

The above examples shew with sufficient clearness the inac- 
curacy of Mr. Bashforth's method; but since it has been de- 
fended, as sufficiently correct for practical purposes, the fol- 
lowing formula will more rigidly prove its failure. Let A' and 
B' be the sectional areas of a cutting, as used by Mr. Bashfortb, 
and a the area between the formation level and the meeting of 
the slo pes; then by Bak er's Railway Engineering, page 55, 
7 ' r (V A'+ a x B' + a — V A' x B' — o) = his erro r in de 
feet, the content by his method being T T T (A' + B'xV A'+B'J, 
the length being unity; w hence # 
100 ( v /A^ xTT +a-S A-xB'-s) = ^ 

A' + B' + ^ A' x B' 
cent, by Mr. Bashforth's method. 

EXAMPLES. 

1. W hen A f = £ a and B' = 9 a, the above formula gives 
100 fy V x 10— sf j x 9— 1 ) a I _ 1200 

Q- + 9 + -J\ x 9) a ~ 10J- - 91 = 
\Z^per cent error in defect, 

2. When A' .= 0 and B' = 3 a, the above formula give3 
100 (2 0 1)_ ^ cent the error in defect. 

3. When A' = 0 and B r = a, the error in defect is 41f per 
cent. 

Errors of this kind will repeatedly occur in practice, where 
cuttings and embankments are made, as in the following figure; 
wherein AB is the formation level, and the corresponding 
curved line is a section of the earth's surface; the small figures 
below being cross sections taken to the intersection of the 
slopes, in which M N, m n, represent the formation level, the 
sectional areas, used by Mr. Basblorth, being those above the 
lines UK, mn, the cross section c d m n may either be very 
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small, im in Example (I.), or 0, as in Examples (2.) and (3.); 
in which latter cases the surface c' a" of the section cuts m n. 




From the above figure it will at once be seen that more than 
one half of the sectional parts of the cuttings and embankments, 
will, be affected by errors in defect of an average of the above 
named per-centagea, which are most decidedly prominent; and 
sufficient, in many cases that occur in practice, to take away 
more than the whole of a contractor's profits. — The error of 
Mr. Basbforth's method attains its maximum, which is 50 per 
cent., when both the sectional areas A', B', vanish, which, how- 
ever, is a case that can never occur in practice. 

REMARKS ON MR. BASOFORTH's AND THE ADTHOR's METHODS OP 
FINDING THE CONTENTS OP CDTTINGS. 
Notwithstanding the astounding errors, just proved to exist 
in the method given by Mr. Bashforth, for finding the contents 
of cuttings, he and his abettors have had the assurance to 
blame the author of this work for copying in his Railway En- 
gineering, his (Mr. B.'s) method. Now, had Mr. B.'s method 
been copied by the author, he must also have copied his errors, 
that is, he ought to have adopted Mr. B.'s method of finding 
the contents of cuttings from sectional areas, where the surface 
of the ground is laterally sloping or curved, in which method 
Mr. B. entirely leaves the prism below the formation level out of 
the question, which the author has included in his calculations 
by the General Table, and afterwards deducted. For Mr. B. 
says (Art. 15, p. 11, of his work), " The only way to proceed 
in such a case is, — find the area of the cross sections in square 
feet, take out of Barlow's TableB the square Toot of each, and 
treat these square roots precisely as if they bad been measured 
heights, excepting that there will be nothing to be deducted for 
the prism, and no multiplication for the slopes, these having 
been already accounted for in finding the areas."— -Mr. B. then 
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gives nn example in accordance with these directions, in which 
all the cross sections are large, and not greatly differing in area; 
the error in the result of which is, therefore, not so prominent 
as those in examples I, 2, page 201, and in example i, 2, 3, 
page 202, where the areas of the cross sections differ consider- 
ably. 

Besides, in reference to his method of finding contents from 
sectional areas, Mr. B. elsewhere says, " In the case of contract 
estimates numerous cross sections ought to be taken*; and it 
matters little whether we start from the intersection of the 
slopes or the formation level." The errors shewn in page 202 
shews Chat "it matters " so muck as 25 per cent, on an average, 
■where one of the sectional areas is moderately large, and the 
other either small, or tapering to 0, after the manner of a wedge. 
Besides, " numerous cross sections " are by no means required, 
as Mr. B. recommends, where the surface of the ground is 
laterally sloping, or curved like a cylindrical surface, so that 
cross sections taken at from 3 to 10 chains distance to the 
intersection of the slopes, may be considered to be similar, or 
so nearly so as not to induce error; which cases very frequently 
occur in practice, and may be readily determined by the eye. 
Moreover, " numerous cross sections are attended with con- 
siderable expense, and, for this reason alone ought to be avoided 
when they are not wanted, excepting where Mr. B.'s erroneous 
method of finding contents is used, since the amount of error 
will thus be diminished. 

Moreover, the author's method of finding the contents in 
question was communicated to several gentlemen long before 
the publication of Mr. B.'s method, among whom was Professor 
Tate, of the Training Institution, near Twickenham, who is 
well able to judge of such matters, and who has himself pub- 
lished on the same subject in his Geometry. As for the General 
Table, it is calculated from one of the same formula, which is 
used by Sir John McNeill, Mr. Bidder, and others, as part of 
the basis of their tables, and must, therefore, be common pro- 
perty, — the above named gentleman, Mr. B., nnd the author, 
all using the results in a different manner: besides, the author 
has given two Auxiliary Tables to facilitate his calculations. 
It now remains for Mr. B. and his friends to re-examine the 
investigations of tliu methods in question, and before they pro- 
nounce Mr. B.'s method to be correct, it is their duty first to 
prove the author's to be false; which he now calls upon them 
to do. They must at the same time recollect that the length of a 
cutting does not affect the accuracy of these results, and that 
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their vague assertions, grounded on such matters, will not in- 
validate the demonstrations, given by the author in his Railway 
Engineering, in the least degree. 



CHAPTER VI. 

PROBLEMS AND FORMULAE OF UTILITY IN LAND 
AND ENGINEERING SURVEYING. 

The areas of triangles, &c, maybe expeditiously found by 
the following Problems, without mapping them for the purpose 
of finding perpendiculars, &c 

Problem I. 

To find the area of a triangle, when two of its sides and their 
included angle are given. 

Let a and b be the two sides of the triangle, a their included 
angle, and A the area; then 

A = a b sine a 
This Problem may be solved by logarithms, by which the 
multiplication of large numbers is avoided, and by which the 
area is found in acres and decimals; thus 

log. A = log. a + log. b + log. sine « — 15-30103. 

EXAMPLE. 

The two sides of a triangle are 1920 and 1152 links, and 
their included angle 53° 8'; required the area. 

Jog. 1920 3-28330 

log. 1152 306145 

log. sine 53° 8' 9-90311 



1624786 
15-30103 



log. A = 8-848 0 94683 

or, A = 8a. 3r. I2p., the area required. 

Problem II. 

To find (he area of a triangle,when two of its angles and their 
included side are given. 

Let a and 0 be the two angles, and a their included side; then 
A — °' sineftsinefl 
~ 2fline(« + iS)' 
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By logarithms for ihe area in acres, 
log. A = 2 log. a + log. sine a 4- log. sine 3 — log. sine — 15-30103 

EXAMPLE. 

A side of a triangle is 2000 link* and its adjacent angles 
60° 14' and 59° 4fff required the area by logarithms. 

Am. 13a. \r. 12p. 

Problem III. 

To find t/ie area of a triangle when the three sides are given. 
Let a, b and c be the sides, and s their half sum, then 

A = *J &($ — a) (# — A) {s — c). 
By logarithms, for the areas as above, 
log. A=Iog.*+log. (* — a)4-log. {s — £)4-Iog. (s — c) -h 2 — 5. 

EXAMPLE. 

The three sides of a triangle are 3050, 2520, and 2040 links, 
required the area by logarithms. Ans. 25a. 2r. 4p. 

Problem IV. 

To find the area of a trapezium, when its four sides are given, 
two of its opposite angles being together — 180°. 

Let o, b, c, and d be the four sides, and s = half their sum ; 
then, A = v' {' — a) (*—'*) (* — c) (f — d). 

The'metbod of solving this Problem by logarithms is suffici- 
ently obvious from Problem IIL. 

Problem V. 

To find the area of a trapezium when its two diagonals and 
the angle of their intersection are given. 

Let D and a be the two diagonals, and a the angle of their 
intersection; then 

Da sineo 

A = s . 

The method of solving this Problem by logarithms is the same 
as that given in Problem I. 

Note. Tlie investigations of tlic Formulie used in these Problems are given 
in various works on Analytical 1'rigonomelry. 

Problem VI. 

A B C is a triangle, in which the base A B and a point D 
therein are given, 1) C is a quality line, making a given angle 
with A B; it is required to determine CD so that the triangle 
ABC mat) contain land of a given value. 

PutAD = a, DB = b, CD = i, / = equare links in an 
acre, sine L D ~<j, the values of the land adjacent to a and b 
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respectively, m and n per acre, and V the given value; then 
tlie areas of the triangles A C D, BCD are respectively 
a«x ,btrx , , . , atrmx ,banx 

—z— and —-and their values are — — — and — - — , whence 

u a mx btrnx _ 

-sT+-2T = v >an d- 

«-»?'_ do, 

a [a m + b n) 

whence the position of the point C becomes known. 

Cor. When C D is perpendicular to A B, a = 1 , whence the 
above formula becomes 

x = — — = CD. 

am + b n 

Note. This Problem would be available !n solving Case IV, Problem V, 
page 121 ; however, it is there proposed to be solved by assumed or "Guess 
lines," conformable to the old practice of surveyors. 

Pboblem VII. 

In making an extensive survey, the fundamental lines A B, 
B C, CD, DA were measured, 
and the distance CP noted; but 
the distance A P was accidentally 
omitted. It is required to lay 
down the lines independent of 
this distance; andgive a solution 
when AD = DP. 

Put A B = a, BC = 6, CP = c, PD = rf, DA = e, and 
AP = j; thenPB = a— x; and by trigonometry cos./. AP D 

= co a .^BPC= =\ % > ; whence 

T ,_* + 2rf) T> *a*-»+c') + 4*-*) x 

c + d c + d c + d 

a cubic equation, from which the value of x may be found, which 
determines the distance A P. 

When A D = D P, that is, when d = e, the above equation 
becomes 

a(e-2d) d(a>-i'+c>) _ 
c + d ^ c+d ' 

a quadratic equation, from which the value of x = A P may bo 
readily found. 

Investigation of formula. — As the formula; for dividing 
land, at pages 119 and 121, Cases II. and III., Problem V., 
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are given without investigation, to obviate all doubts of their 

accuracy, the processes of deducing thera are here given, 

(1.) By referring to the definition of the symbols, and to the 
diagram at page 119, Case II., it will be seen that the right 
angled triangles W S s, W TJ «, W F b, are similar, therefore, 



, (a + b)x , T . 
s : x : : a + b : x = U «; hence 

theareainacresofWSs=AWS • $s=?—?, 
* 2 s V 

ofS*Ua = i(S s+ U«)SU= ( ^±^ 

of U « F 5=1 (U. + Fi)V F= ('° + ^+0" 

Then these areas, being multiplied by their respective values 
per acre, and their sum equated to the required value V, give 
a'm x (2a + b)b nx (2a + 2b+c)co x_„ 
TsT + 2~sl * 271 ' 

whence x = — — ^ — —. — = F b, Q. E.I. 

a ■ m+ (2a + b)bn + (2a + 2b + c)co 

Cor. I. If there be only two qualities of land to be thus laid 
out, c must be made to vanish in the above formula, whence it 

2 " T '-=Fi. 



a*m+{2a+b)bn 
Cor. II. If there be four different qualities of land, let the 
breadth of the additional quality be d, and its value p; then the 
formula becomes 

s fir = P6 

a3m+(2a+i) bn+(2a+2b+c)co+(2a+2b+2e + d) dp 
the law of extension being sufficiently clear. 

(2.) By referring to the diagram at page 120, Case III., 
Problem V., and to the symbols on the same and following page, 
it will be readily perceived, that by drawing a perpendicular 
from a on NB, (which is not shewn in the diagram) that 
a q = a — 2xa, whence the area in acres of the trapezoid 

N a q p = \ (N p — a q) p g = — in a similar way 

the area of B b s r is found = (f~*f?j* ' the area of the rect- 
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b x 

angle pqrs being obviously = — . By multiplying these 

tliree areas by their respective values, and putting their sum 
equal to the required value V, their results 

(a — a x)mx + (c — px)ox + bnx , 

1 i : — = V ; whence 

(am + &o)x* — (am + In + co)x + I V = 0; and, by 
solving this quadratic for the reciprocal of x, there results 
2 IV 

;C = — = « it fir r t • 

am 4. bn + co + ^(am + ba + - 4(«m + fl«)iV 

Note The method of adapting this formula to a gToKfr or less number of 
qualities of land is sufficiently clear, from the different mollifications of the 
preceding formula in Cor. I. and II. 

Problems, Original and Select, 
foe the exercise of btudhlnts. 

I. The side of an equilateral triangle is = a, and its area = 
A; prove that 

II. The base of an isosceles triangle is = o, one of its equal 
sides = 5, and its area A ; prove that 

A — J (i y/(2b + a) (2b - a). 

III. In a triangle are given the perpendicular = p, the 
angles opposite the perpendicular = », and 0, and consequently 
the third angle = t; prove that 

A _ P 2 sine V 
~ 2 sine a sine 8 

IV. ABCD is a trapezium, in which the angles at A and C 
are equal, and AB = a, BC = b, CD = c, DA = d, the half 
sum of all the aides = s, and the area = A; then proye that 

a "d + bc 



- ad- 



'- */s($ — a — c)(3 — b — c)(s — c—d). 



V. In a trapezium ABCD, are given two opposite sides 
A B = «, CD = i, the angles at A, B, and C respectively 
= a, and y, and consequently the fourth angle D = S; then 
prove that 

. a 1 sine « sine 3 — b" 1 sine y sine 8 

— _ 2 sine (« + 0) " 

VI. In a trapezium ABCD, are given the three sides 
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C D = a, B A = i, A D = c, and the angles at A and B re- 
spectively = « and &; then prove that 

A = \ 5^ab sine & + be sine a — a c sine (a + g) j- . 

VII. In a pleasure ground A B C D, known to be rectan- 
gular, only the following dimensions could be taken, on account 
of obstructions from buildings, shrubberies, and ponds, viz., the 
distance A E to the point "where the perpendicular B E falls on 
the diagonal A C, and the prolongation E F of BE till it meet 
the side C D ; it is required to find the area of the pleasure 
ground, when = 32, and E F = 4 chains. 

™ Ans. 64 acres. 

VIII. A large building is known to be of a square form, but 
no one of its sides could be measured on account of obstructions 
from other buildings; however, from a. point P three streets 
diverge directly to its three nearest angles A, B, and C. Now 
P A = 60, P B = 40 and P C = 70 yards; required the side 
of the building. 

IX. Within a rectangular garden, the length of which is 4 and 
its breadth 3 chains, there is a piece of -water in the form of a 
trapezium, the opposite angles of which are in a direct line with 
those of the garden, the distances of these opposite angles, taken 
in succession, are 20, 25, 40 and 45 yards; required the area of 
the water. Ans. 960 square yards. 

. X. Given the three perpendiculars of a triangle, from the 
angular points to their opposite sides, 10, II, and 12 chains, to 
find the area of the triangle. Am. 7a. Or. 4£ p. 

XI. Three objects. A, B, C, are observed at a point D, ex- 
terior to them; the distances of the objects are known to be as 
follows, AB = 8, BC = 12, and AC = 7* miles: the angles 
ADC, A B D are respectively 25° and 19°; required the dis- 
tances A D, B D, and C D. 

XII. A gentleman intends to make an elliptical garden, the 
principal axes of which are to be as 3 to I, and the fence of 
which is to include three trees, one at the end of the transverse 
axis, the second 6 poles from it, and the third the same dis- 
tance from the second, the three trees forming a right angle at 
the second ; required the axes and area of the garden. (Gentle- 
man's Mathematical Companion, Quest. 449.) 

Ans. Minor axis 55 87 poles, area 73-55 sq. poles. 

XIII. In an elliptical enclosure of one acre the principal 
axes are as 5 tc 4; required the length of a chord, which, 
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fastened to the end of the longer axis, will allow a horse to 
graze half an acre, (ft M. Comp. Quest. 345.) 

Ans. 48-45473 yards, 

XIV. Given the diagonals and two opposite sides of a trape- 
zium to construct it, when the area is a maximum or a mini- 
mum. (Prize Quest, ft M. Comp./or 1809.) 

XV. In a trapezium ABDC are given all the sides AB = a, 
BD = i, D C = c, CA = rf, and the diagonal B C = e to 
find the diagonal A D, without constructing the figure. (B. 
Gompcrtz's Principles of Imaginary Quantities, page 29. 
Prob. V.) 

Ans. AD = J* + * - ah x 9*- * >&=2 

. ... « 2 + e* - d* , , y+e'-c 2 

in which a — , and n = ; . 

3 ae be 

XVI. There are given the lour sides of a trapezium, and a line 
joining given points in two of its opposite sides, from which it is 
required to construct the figure. * 

XVII. The five' sides a, b, c, d, and e of an irregular field 
are given, in which the angles between a and b, b and c, c and 
d, are equal but not given; from these data it is required to 
lay down the field. 

Note. The, solutions of the two last Problems are obtainable by cubic equa- 
tions. The former was proposed by the author, in the Gentleman's Diary for 
1838, it having occurred in his practice of lown surveying for railway purposes. 
The latter was proposed by B. Gompertz, Esq , F.R.S., <fc., in the Gentleman's 
Mathematical Companion; to which he gave a suluiion in a concise, novel, and 
ingenious manner by hts Principles of Imaginary Quantities; other solutions by 
the ordinary methods were also given to the same Problem. 

XVIII. A gentleman has an elliptical garden, the principal 
axes of which are 50 and 40 yards, enclosed by a brick-wall 13 
feet high. He ordered his gardener to place his seat at equal 
distances from the centre, one of the foci and the boundary of 
the garden, and around the seat to make a gravel walk of equal 
breadth taking up ^ of the area of the garden, and to be of 
such a nature, that, while the gentleman is seated, and the 
gardener moving along the middle of the walk, the gentleman's 
eye, the gardener's utmost height, and the top of the wall, may 
be in the same right line ; the height of the gentleman's eye, 
(when seated), and that of the gardener, being 4 and 6 feet re- 
spectively. Required the position of the seat, and the nature 
and breadth ol the walk, (ft M. Comp. for 1806, Quest. 14.) 

Ans. The equal distances of the seat from the centre, focus, 



212 PROBLEMS AND FORMULA. 

and curve = ]0'7812 yards; the walk is elliptical, its 
axes being 11£ and 9£ yards, its breadth 2^ yards, and 
the position of the walk with respect to the seat being the 
same as the fence of the garden. 
Noth. The solutions to all the Questions, taken from the works referred to, 

ma j- ba seen in those works. 

(DIVISION OF LAND.) 

XIX. In a triangle ABC, AB = a, BC = b, CA = c, and 
from D, a given point in AB, the distance DB = d, DE a line 
meeting BC and dividing the triangle, so that a ABC : 
A B D E : : m : n ; then prove that 

DE = ±M- 
dm 

But if it be found from the calculation that BE is greater 
than B C, and that the divisional line mil meet A C in some 
point F; then prove that 

Af = "'-;' . 

Mn(a — d) 

XX. ABCD i3 a given trapezium, and T a given point in 
AD, from which a line TE is drawn to meet BC in E, so that 
trapezium ABCD : trapezium DCET :: m : n. Now, 
since the trapezium A B C D is given, if the aides A D, B C be 
prolonged till they meet in Z, the point Z will also be given ; 
therefore, put A Z = a, BZ = A, D Z = c, CZ = t/, and 
TZ=/j then prove that 

Ez _ n{ab — cd) cd 
*»/' T / 

XXI. It is required to divide a given trapezium into four 
equal parts, by two right lines perpendicular to one another. 

Note. This Problem was proposed, the author believes, in one of the Diaries, 
many years ago, where its solution may be seen. 

(railway engineering.) 

XXII. Let S be distance between the tangent points of a 
serpentine curve, consisting of two circular arcs of equal radii 
r, a and $ the angles that « makes with the tangents, and <r = 
arc to £ (cos. « + cos. S); then prove that 



sine a + sine P + 2 sine « ' 
XXIII. Find the distances of the tangent points to the point 
of contrary flexure of the curve, in the last Problem, and the 



i 
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angles that these disfcnces make with the tangents to the curve, 
and give the requisite formula. 

XXIV. The widths of a laterally sloping railway cutting 
from the centre of the line are expressed generally by the fol- 
lowing formula. 

_ ba 
" l±rh' 

the positive sign being used for the width measure down the 
slope, and the negative one for that up the slope, in which 
formula b = ^ width of the cutting, assuming iia surface to be 
level, A = differences of level readings at the distances s and I 
on the slope and level, and r the ratio of the slopes. See figure 
to Prob. II., Chap. III. 

XXV. Let a and h be the depth of a railway cutting to the 
intersection of the slopes, I = length of the cutting, at = ^ bot- 
tom width, all in feet, and r = ratio of the slopes, the surface 
of the cutting being assumed to be horizontal; then prove that 
the content of the cutting in cubic yards is 

■£(*+■»+*- 7$ 

XXVI. When a and b are the depths of a horizontal cutting 
to the formation level, and the other dimensions the same as in 
the last Problem; then prove that the content of the cutting in 
cubic yards is 

^{a» + 0 J + J» _!-"(« + «)}.. 

XXVII. Let A and B be the areas of the cross sections of 
a cutting to the intersection of the slopes, d, the area of the end 
of the prism below the formation level, (see fig. p. 194) and I 
the length of the cutting; then prove that the content in cubio 
yards is 

±(A + B + VAB-3d). 

XXVIII. Let the dimensions be the same as in Prob. XIX.; 
then prove that the error in defect of the method of finding the 
content of a cutting by using the mean depths is 



XXIX. Let the dimensions be the same as in Prob. XXI. ; 
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then prove that the error in excess of *e method of finding 
the content of a cutting by using mean areas is 

XXX. Prove the formula at p. 202, for finding the error per 
cent, of Mr. Bashforth's method of finding the contents of rail- 
way cuttings from sectional areas. 

Notb. The demonstration* of the nine last Problems are given in Baker'* 
Railioay Engineering. 

CENTRIFUGAL FORCE OF TRAINS IN RAILWAY CORVES. 

Since all moving bodies have a tendency to continue their 
motion in a direct line, from thia cause the carriages of a rail- 
way train of great velocity arc strongly urged towards the outer 
rail, and would ultimately be driven off the rails, were it not 
for the flanges of the wheels and the conical inclination of their 
tire. 

Let F = centrifugal force thus generated, W = weight of the 
train, V = its velocity, R = radius of the curve, in which the 
train moves, and g the force of gravity at the earth's surface; 
then by Dynamics 

F = ^. 

EXAMPLE. 

1, When E = \ a mile = 2640 feet, V = velocity = 30 miles 
per hour = 44 feet per second, and g = 32 J feet = velocity of 
a body falling from rest, at the end of a second ; then 

w v 44a 00 

P = 32F^6T0 = 5615 ¥ = "-"* ¥ ' 
that is, the force that urges the train to quit the curve is 7 'j of 
its whole weight, in this case. 

2. When V = 60 miles per hoar = 88 feet per second, and 
R t lie same as in Example 1 ; then 

_ W x 88 s , , w , 

F = 32TV2640 = nearly ^^* 

* This great, amount of centrifugal force, in corves of smalt radius, would be 
very much increased by tho high velocities, which some are sanguine enough to 
expect as likely to be attained on railways ; since thia force varies as 
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that is the force, in this case, is ^ of the weight of the train. 
Hence it may be perceived how extremely dangerous high 
velocities are in cnrves of small radius. 

3. When the radius is = 1 mile = 5280 feet, and V the same 
as in example 2; then . 

F = ,' T W. 

This force, except in curves of very small radius, is counter- 
acted by the conical inclination of the tire of the wheels of the 
engine and its train. The inclination with the lateral play of 
the flanges of the 2 wheels of about £ an inch on each side, and 
the centrifugal force urging the train towards the outer rail, 
when moving in a curve, increase the diameter of the outer 
wheel and diminish that of the inner one, which causes the train 
to roll on a conical surface, thus necessarily producing a cen- 
tripetal force to counteract the tendency of the train to leave the 
curve. However, in curves of very small radius, the centri- 
petal force thus generated, does not sufficiently counteract the 
centrifugal force, a proper super-elevation of the exterior or outer 
rail being required for this purpose ; for determining which . 
Pambour has given in his work on Locomotive Engines, the 
following. 

FORMULA FOR THE SOFEB-ELEVATION OF THE EXTERIOR RAIL. 

Let V = velocity of the train, R = radius of railway curve, 
E' = radius of the curve that the train would describe in con- 
sequence of conical shape of the tire of the wheels, and the cen- 
trifugal force impelling the train outward, and enlarging the 
diameter of the outer, and diminish that of the inner wheel, 
e= gauge of rails, g= force of gravity, and x = super-elevation 
of outer or exterior rail; then 

for ilie same curve: thus for a velocity of 120 miles per boar, on a curve of ^ 
a mile radius, we shall have 

/= '"'" =*'. 

32} X 2640 

tliat Is, the centrifugal force is, in this case, mora than J of the whole weight of 
the train ; while for curves of 1 mile radius, which are very common in railways, 
/— -n~ w > or nearly -J- of the weight of the train. It miist, therefore be evident 
that a velocity of 120 miles per hour, or even one of 90 miles per hour, must be 
extremely dangerous, especially on an embanked curve, should any accident 
throw the train off the line, which is often the case with the present velocities. 
■ Moreover, the resialance of the air, which varies as V", must be considerably 
augmented by high winds opposed to the direction of a train of these great 
velocities; while its engine would require a power greatly superior to those 
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d being = outer diameter of the wheels, A = deviation of the 
wheels, and - = the inclination of the tire. 

Concise and, he trusts, clear demonstrations of the above 
formula; are. given by the author, in his Railway Engineering. 

By solving these formula; for some of the usual cases, 
Pambour produces the following. 



Designation of the Waggons 
and the Way. 


Radius of the 
Curve 
In Feet. 


Supcr-clovstlon to bo given 
l::clics, the VL'kiPity oi 
Mile- per hour being:— 




10 Miles. 


20 Miles. 




Waggon with wheels 3~j 


250 


114 


5-60 


12-99 


feet in diameter- 


500 


0-57 


2*83 


6-56 


Gauge of way 4-7 feet 


1000 


0'29 


143 


3-30 


Play of the waggons on \ 


2000 


0-15 


071 


165 


the way, 1 inch. 


301)0 


010 


047 


110 


Inclination of tha tire of 


4000 


0-07 


0-36 


083 


the wheels 1 In 7. J 


5000 


0-06 


0'28 


0-66 



The correctness of the above results 13 pretty generally con- 
ceded. It must, however, be considered, that it is extremely 
difficult, if not impossible, to realize in practice, the precise con- 
ditions and proportions determined by these important formulas; 
as accidental depressions and enlargements of guage of part of 
the rails, as well as many other matters that cannot be sub- 
jected to calculation, will unavoidably derange these results. 

The reader, who wishes for further information on these sub- 
jects, may consult Tredgold ,o» Ike Steam Engine; Jf aim's 
Treatise on the Steam Engine; and Baker's Sialics and Dy- 
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RAILWAY VIADUCTS OR BRIDGES. 

The extensive lines of railway lately constructed,- and now in 
progress, present numerous viaducts, some of which are stu- 
pendous as well as magn16cent works, and some- of a truly 
novel character. The dimensions'' of the chief specimens are 
here given. 

TUBDXAB AND OTHER IROtf GIRDER BRIDGES. 

Tke Britannia tubular bridge. — This structure, combining 
unparallelled magnitude, strength, and novelty, forms one oi 
the viaducts of the Chester and Hob/head Railway. It crosses 
the Menai Straits, uniting the shores of the mainland of Wales 
and the Isle of Anglesea. It consists of two rectangular tubes, 
each 1513 feet in length, or -J of a mile, 26 feet in average 
depth, and 14 feet 8 inches in wjdth, the internal depth and 
width being respectively seduced;, by the construction to 22 
and 14 feet. Each tube has four spans,%nd consequently three 
piers or towers, exclusive of the abutments. ; The two middle 
spans, in each tube, are each 460 feet, and the two end spans 
each 230 feet, exclusive of the widths of the towers, which sup- 
port the tubes at a height of 102 feet above high water mark, the 
whole height of the middle tower being 200 feet above high 
water mark, or 230 feet from its foundation. The parts of the 
tubes forming the middle spans were 472 feet in length, pre- 
vious to their being united, and weighed upwards of 1600 tons, 
and were raised to their present lofty position by hydraulic 
presses worked by steam engines, thus leaving the navigation 
of the Menai Straits uninterrupted. 

" It is seldom," says Mr. G. D. Dempsey, " that the invention 
of works of new design and skilful mechanical arrangement is 
due entirely to one mind, any more than their construction is 
due to one pair of hands: hence great difficulty arises in 
assigning to each contributor his fair share of merit in their 
production. It must, however, be admitted, that to Mr. R. 
Stephenson alone we are in this instance indebted for the 
original suggestion ; and with this admission, we have endea- 
voured to avoid any attempt to judge of the precise claims ot 
the two eminent men, wh^se joint labours have produced the 
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Britannia and Conway Tubular Bridges. That these great 
works owe their design and construction to their joint labours 
is clearly evident, and, we respectfully submit, amply sufficient 
to justify the record of the two names of Robert Stephenson 
and William lairbairn in an honourable and enduring as- 
sociation." The machinery for raising these immense tubes 
was designed and executed by Messrs. Easton and Amos. 

The Conway tubular bridge, in the same line of railway, 
preceded the Britannia, having been raised in 1848. It consists 
of one span only of 400 feet, clear width : the height of the 
tubes above the level of high water is 
inconsiderable, when compared with the 
Britanntan tubes, being only 18 feet. 
The bridge thus consists of two tubes 
only, each weighing 1300 tons. It is 
erected close beneath the ancient wall of 
Conway Castle, its abutments being of 
- strong masonry, the designs of which are 
in harmony with that of the castle. 

IHOH TCBDLAE GIRDEB BRIDGES. 

The first tubular girder bridge de- 
signed and constructed by Mr. Fair- 
bairn, was for the purpose of carrying 
the Blackburn and Bolton Railway over I 
the Leeds and Liverpool Canal. The ■'■ 
span of this bridge is 60 feet, the two 
lines of rails being carried between three 
parallel girders. — The cellular work in 
girders of this kind constitutes their 
great strength, combined with com- 
parative lightness, the same kind of 
cellular work being introduced both in 
the top and bottom of the tubes of the 
Britannia and Conway Bridges. 

The Gainsborough tubular girder 
bridge is the largest yet constructed of 
this kind. It forms the viaduct of the 
Manchester, Sheffield, and Lincolnshire 
Railway over the Trent; and consists of 
two spans, each 154 feet wide, with a 
central pier and abutments of masonry, 
and two end arches each 40 feet span. 
This bridge crosses the river obliquely 
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the abutment and pier are therefore placed at an angle of 50° 
with the longitudinal direction of the girders, which are two in 
number, and of uniform depth throughout, between which the 
double line of railway is carried. This elegant specimen of 
wrought ironwork was designed and executed by Mr. W. Fair 
bairn, whose name is so honourably connected with the Britan- 
nia and Conway Tubular Bridges. 

BRICK AND STONE VIADUCT. 

The brick viaduct at Maidenhead, constructed by Mr. Brunei 
over the Thames on the Great Western' Railway, is one of 
the finest specimens of that material. It consists of two ellip- 
tical arches, each 128 feet span, with a rise of 24J feet; the 
pier between the two arches is 30 feet in width; each arch, 
at the crown, is 6£ feet" in thickness, which increase gradually 
towards the abutment's. Besides these two splendid arches, 
there are eight others, each of 28 feet span, four on each 
bank of the riveW : 

The stone viaduct over tlie Ouse, near York, on the Great 
North of England Railway, is another specimen combining 
great strength and elegance of construction. It consists of 
three arches, each 66 feet span, the width of the arches is 
28£ feet, their thickness at tbe keystone 3^ feet, which gradually 
increases towards the springing, and the piers are 10 feet in 
thickness. 

The Vale Royal stone viaduct, over the river Weaver, on - 
the Grand Junction Railway; has five arches, each 68 feet 
span, and 60 in height; the whole length of the viaduct is 456 
feet. In the same railway, over the Mersey and Travell Canal, 
there is a viaduct of 12 stone arches, the central two are each 
75 feet span, and the rest from 40 to 14 feet. 

The Quaker's Yard viaduct, over the Taff, in the Toff 
Vale Railway, has six arches j its height above the river is 
100 feet, and its length 600 feet. There is another viaduct ir. 
the same line, at the conflux of the Rhondda and Taff, having 
an arch 100 feet in span, and 60 in height. 

The Ouse Valley viaduct, in the London and Brighton Rail- 
way, is 1440 feet in leflglh; it has 37 brick arches oF 30 feet 
span, its height vary lug 1 ' from 40 to 96 feet. 

The London 'and Greenwich Railway, and the London 
and South Western Extension are continuous viaducts ; the 
former consists of more than 1000 brick arches, each 18 feet 
span, and 24 in height; the arches in the latter are a little 
wider, having, besides, several elegant oblique iron arches, for 
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the purpose of crossing Westminster Eoad and other principal 
streets. The former is about four miles in length, and the 
latter nearly two miles. 

OBLIQUE OR SKEW BRIDGES. 
The Brampton viaduct, over the Gelt, in the Newcastle and 
Carlisle Railway, crosses the Gelt and a public road, at the 
height of 80 feet above the bed of the river. It consists of 
three stone arches of 33 feet in direct span,- which are built at 
an inclination of 45°, thus making their oblique span nearly 50 
feet each. 

The Fairjitld Street bridge, in the Manchester and Bir- 




mingham Railway, has an oblique span of 129^ feet, with a 
rise of 12 feet, and a direct width of 31 feet. It is composed 
of six ribs of iron, projecting before each other 13 feet, on in- 
dependent abutments. Open wrought stone parapets crown this 
viaduct, presenting an agreeable and novel appearance. This 
bridge was designed by Mr. G. W. Buck, being remarkable for 
its acute angle, which is only 24^°. The weiglit of the iron in 
the six rib3 or girders is 540 tons: the remainder of the via- 
duct consists of brick arches 45 feet in span. 

Note. Other lines of railway present a great variety of these bridges, both 
of brick and iron ; some of which display great elegance of construction. This 
kind of bridges, it is said, was lirst introduced by Mr. Chapman* as canal 
aqueducts in Ireland. 

HIGH LEVEL BRIDGE, NEWCASTLE-UPOW-TYHE. 

This bridge is of cast iron, and forms the viaduct of the 
Great North of .England Railway across the deep valley of the 
Tyne. In addition to the elegance and magnitude of this work, 
it has a common carriage way suspended beneath the railway, 
thus giving it a decided-claim- to novelty of construction. 

The number of its iron arches are six. Each arch consists 
of four cast iron ribs, having a span of 125 feet, rising 17£ in 
the centre. The ribs are disposed in pairs : one pair on each 
side of the carriage road. The carriage road is 20^ feet wide. 
The foot roads (one between each pair of ribs) 6£ feet wide. 
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Total width of railway 33 feet. Weight of iron in each arch 
576 tons; in the whole structure about 5000 tons. Height 
.from high water to level of rails 108^ feet ; to suspended car- 
riage road 85 feet; total height from bottom of river 128 feet 
Length of bridge from the Castle Garth to Gateshead, inclusive 
of cast iron approaches, 1337£ feet. 

"WOODEN BRIDGES. 

The Omeburn viaduct, in the Newcastle and North Shields 
Railway, has nine arche3, of which two at the ends are stone, 
the other seven are of wood, on stone piers ; the three central 
arches are each 116 feet span, and the two others each 100 feet. 
The whole length of the viaduct is 756 feet, and its height 
above the stream in the centre is 180 feet. 

The Wtllington Dean viaduct, in the last mentioned line, 
consists of seven wooden arches, of which five have a span of 
120 feet each, and the two exterior ones 115 feet each. The 
whole length of the viaduct is 1050 feet, and its height 82 feet. 

Wooden viaducts, on a smaller scale, abound in various lines 
of railway in this kingdom. — Wooden bridges on the lattice 
principle (first suggested by Mr. G. Smart, about 25 years ago, 
oa applicable both to iron and wooden bridges), abound in tbe 
United States of America. One of them, over the Susque- 
hanna)} at Columbia, has 29 spans, each 200 feet wide, the 
whole viaduct being about 1£ mile in length. These viaducts 
Can not be anticipated to be of long duration. The lattice 
principle has been considerable improved, and employed in 
wrought iron bridges by Mr. R. B. Osborne. This principle 
has been still further extended by Mr. W. C. Harrison, by 
adding tubular frames to the lattice work above and below, the 
upper one being bent like an arch. In a design made by him 
for a viaduct of this kind to carry a railway over the river Ouse, 
the span is 170 feet, and the rise of the arched tube above the 
horizontal one is 15 feet. The arched tube to be of wrought 
iron plates ^ an inch in thickness, and its section to be 4 feet in 
depth and 3 in width, the horizontal tube to be a little less. 
For a double line of railway three of these bow frames are re- 
quired. 



For further information on subjects immediately connected 
with this work, see Hyde's General Text Book for Architects, 
Engineers, Surveyors, Solicitors, Auctioneers, Land Agents, and 
Stewards. 
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fur Compound Intinv.l mill Annuity, &c , Ac, hy IV. IIIPSLEY. 

J^UDIMENTARy!— ^V87. — ALGEBRA, by 



12mo, Willi Woodcuts, c 



In demy 12ino, irith Woodcula, clotli, nrica la. 

"DUDIMENTAJtY— 33. — MENSURATION, by 

T. MAKER, C.E. _____ 

In demy lgmo, cloth, price 2a. 6d. 

1} UDIMENTA RY. — 94, 95. — LOGARITHMS, 

'iV.i.'S f.>r i" : n-nit-..!iti-j A s t r i ■■- rim h-itl. Nju is 5c a.* 
ml,an;L r^!,,,,!- f":«lf:l li ■.>m;:. In- II. I . ,\ W. C.l'. 

" i -' 1 1 T;<M-.- i.f Natural iSmns mid TmiRsnts and I- 



In demy 12m \ -.v-iili v.". .ml cut-;, t-l^ti. prim. 1:'. 

RUDIMENTARY. — 96, — POPULAR ASTRO- 
NOMY. By Hie Rev. ROHEHT MAIN, M.R.A.S. 

EUDI^^A^^aV.^^ATlijs'j^I) Dy- 
namics, hy T, BAKER. C.E. 



T) UDIMENTA 

-»-«• AND PRAOTJ 

by T. HAKEK, C.E, 

JAMES NASMYTlI.C.i;. 



o, n-ltb Wooden «, cloth, price 2a. 
" 99, 100.— NAUTIC 

VIGATION, hy Prof. YOUNG. 



■RUDIMENTARY — inn*. — NAVIGATION 

'I'. MILKS, mmi-.ilr.il fnr r rn-icnl ii.o with tile liboCH. 

RUDIMENTARY — lOl/^C^IPFEBENTIAL 

A * CAI.Cl'1. I S, l,y Mr. IVDOl. HOUSE, E.R.A.S. 

John Woale, 5<j, High lluiborn, London, W.C. 
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|^B. WEAXE'S RUDIMENT AIIY SERIES. 

In demv limo, ololb, prlco U, M. 

RUDIMENTARY. — 101*. — WEIGHTS AND 
MEASURES or ALL NATIONS; W-i-dirs.C.iiris.nnd tlia 
various nivlri.n^ i.f Timii, wild tin' ]>ri!!-i..l.-s wiiLcli dxti-naine 

Kataa of Extli aiign. by Mr .WOuUI llL^I-.. F.II.A.S. 

In d-rav limn, in cloth, pric- Is. 

"RUDIMENTARY, — Ui2. - INTEGRAL CAL- 
i± riTu;3.hv ii. co x, m.a . 

In ilemv lima, in clath, pries 1h. 

Rri)IMENTAllY.-lu:j.~ tNTI-XillAT, C.A.I.- 
■_> •_• - i ■ • - . i. i . ■ ■ i. I. ■ 

Itl ifftny IL'ni". I'lolii, inv-n 1-. 

-RUDIMENTARY.— 104. — JM I'TEUENTIAL 
J-*- i- \i i :.! - i:.v< mpi. ,.f, i:v .r iiinimj, ji .v. 

In iT-lnv [-'in-., hvill, Wu ■([■iiN.cldili. nvi.v 

RUDIMENTARY.— 
METHY, AND TUIfiO 
bythsli-v, T. PENYNG TON 



RUDIMENTARY.— 106.— S 



SHIPS' ANCHORS 



— JlKTUOI'nLTTAN 

IirilJIINilS ACT in i>:;i-f-.:: opeiM t j on. wills Notes, nnd till) 
Act dntcd A. m:Is, f.jr bMxr.r : .iiti;ilvEiiK (i ii«s to tlm 



RUDIMENTARY, - 
UIMTV AND f 



In demy limn, cloth, price In. 

■RUDIMENTARY.— 110.— SIX RECENT LE- 

JA GISLATiVE ENACTMENTS, for Contractors, Merchants, 



- NUISANC ES RE- 



Cine, PliESKRVlNG i 



■RUDIMENTARY.— J 14.— ON MACHINERY: 

L * Rudimi-nimy n>:.l Elf sndiUry Principles tii». Construction 
and c.'i tli.. W.MXip"-,., M i,i ry j,c (;. 1 1. A 1 1F.1., C.E, 

In rojal 4io, clnth, prieo 7s. (id. 

-RUDIMENTARY. — Ho. — ATLAS OP PLATES 

JA OF SEVERAL KINDS OF MACHINES, 17 very vohmblB 

lil'.ISIs-.-lli-.-! , [ :!,-. 

John Weale, C9, High Holborn, London, W.C. 
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]^R, WE ALE'S RUDIMENTARY SERIES. 



In nVmv 12-rio B-i'is \V:i ■■ ivi^, c- L ■_■ 1 1 1 . pics l«. 8d. 

■RUDIMENTARY. — 116. — TREATISE ON 

•* ACOUSTIC-: Thi; ]).*'ril,:,tk:n of Sound, by T. ROGER 
SMITH, Archiiccl. 

In demr 12m", "tin Wookuta, cloth, price 2b. 6d. 

RTJDIM ENTARY. — 1 1 7.— S □ BTERRANEOUS 
surveying. i;,\M.iNi"; the line without the 

MAGNET. Ih- THOMAS I K S V, !l. K, r-:ii Viewer. With Ini- 
provcoienlsaua M nii-m A ,1-i MioLi b T. liAliLts.C.i:. 

In deray I2mn, wlili Plnti* nn.) iVinnU nf clmh. price 8n. 

RUDIMENTARY. — 118. 11!).— ON THE CIVIL 
ENGINEERING OP NORTH AMERICA, by D. STEVEN- 
SON, C.E. 2 yds. In 1. 



In demy I2.ii->. *n:- :! k.-.-jimvcI i'l,it,!=, H--h. prlra Is. 6d. 

KUDIMENTARY. — 121. — TREATISE ON" 
RIVERS AND TORRENTS, from the Italian of PAUL. 



"RUDIMENTARY.— 122.— ON RIVERS r 

J-* CARRY SAND and Mi ll, ami b* ESSAY ON 
GABLE CAN M.S. 121 :,,rl 112 lirnml (--ilw, 2-. (11. 



RUDIMENTARY.— 123*—' ATLAS of PLATES 
In dttnil to the CARPENTRY AND JOINERY. 123 and 
123* bound toc-t'irr in cl.uli in 1 vol. 

In dflivr ISmn, wtth Wondentt, cTo'h, price la.fld. 

"RUDIMENTARY. — 124. — ON ROOFS FOR 

V\-,ih:e. A\li PldVATi: l;ri!.iHNCls, ;•<.>,„, ^..J on Dr. 



In ray.] ito, cloth, price is. 6 1. 

RUDIMENTARY. — 124*. — RECENTLY CON- 
STRUCTED IHON ROOFS, Alias nf pistes. 

In damy tBin", witii WoodO'its, cloth, price Jla. 

RUDIMENTARY.— 125.— ON THE COMBUS- 
TION of Ciiai. and -nil-: i'KKVKN-rriN of smoki:. 

Chemically and Pnwttcally Considered, by CIIAKI.ES WYE 
WILLIAMS. 

Tn .1m.iv I'M.-.. rl..-h. 1-J.1 ■> 1 1 4 12(1 to-crh.-r. nrice 3s. 

RUDIMENTARY. - 

l - <i,-,.| V i'j„, wr>.,!.HM r L'inti.. ),>io- : ■;■!. 
"RUl-IM KNTA ll Y. - 127. —PRACTICAL IN- 

ST8UCTIONB IN THE ART OF ARCHITECTURAL 
MODELLING. 

John Wesle, B9, High Holborn, London, W.C. 



JyJE. WEALE'S RUDIMENTARY SERIES. 



In demy 13mn, with En£r*vinj;!i und Woodcuts. 

RUDIMENTARY.— 12K— THE TEN LOOKS 

At OF M. VITRUVIUrt ON CIVIt,, MILITARY, AND 
NAVAL Alt' :IUT i:UT [J IS I ., ir.w.UU -i hv JOSEPH G WILT, 
Arch, a Tola, in 1. 



In demy I'Jum. UN ami l.:' ["^.ill.irr, rlotli, price Sa. 

RUDIMENTARY. — 120. — ILLUSTRATIVE 
PLATES TO V1TKI :vits'3 TUN HOOKS, by the Aalbor 
and JOSEPH G ANDY, It.A. 



RUDIMENTARY^ ^130.°— INQUIRY INTO 
THE PRINCIPLED HP ULAUTY IN GRECIAN ARCHI- 
TECTURE, by the Bight Hon. the Earl of ABERDEEN, Ac. Ac. 



In demy I2mo,clotb, price la. 

■RUDIMENTARY. — 131. — THE MILLER'S, 

-LV MERCHANT'S, AND FARMER'S READY RECKONER, 
furnsriTtismmi; nt. Si;;ln til" Viihw of anv I [ 1 1 ;i [ 1 1 i t y of Corn ; toge- 
ther wiili lliu »]iproxim.(u v.'lI j.' ;>i >L : .1M<:li.-i and Millwork. 



In demy l!mo. with Woodcut, cloth, prico 1*. fid. 

RUDIMENTARY.— 132.— TREATISE ON THE 
erection in-' hwellino houses, with sTeci- 
l'Uiation^.ouan nil lis of 'fin: various materials, 

i-Miv S. II. 11KOOKS, Architect. 27 Plates. 



RUDIMENTARY SERIES. — ON MINES, 
smelting works, and the manufacture of 

METALS, aa folUrwa. 



RUDIMENTARY*— VoL^L — TREATISE ON 
THE METALLURGY OF COPPER, by R. H. LAMBORN. 



In demy 12mo, to have Woodcuts, cloth. 

TJ UD IMENT AR Y. — VoL 2, — TREATISE ON 

-Cl> THE METALL URGY OF SILVER AND LEAD. 
In demy 12mo, to havo Wondcuis, cloth. 

RUDIMENTARY AND ELEMENTARY.— 
Vol. 3.— TREATISE ON IRON METALLURGY up to tin. 
Manufacture of the latest procesaes. 

RUDIMENTARY"' AND W< ELEjMENTARY. — 
vol. 4.— treatise on gold mining and assay- 
ing p latinum, Iridium, Ac. 



In demy ISino, to hive Woodcuts, doth. 

RUDIMENTARY AND ELEMENTARY. — 
Vol. 5. — TREATISE ON THE MINING OF ZINC, TIN, 
NICKEL. COUALT, He. 

In demy 12mo, to have Woodonle, cl"th. 

RUDIMENTARY AND ELEMENTARY.— 

Vol. fl.— TREATISE ON COAL MINING (Geology and 
Means nf Discovering, A-c.) 

In demy 12mo, with Woodcuta, cloth, price la. 6d. 

RUDIMENTARY.— Vol. 7. — ELECTRO-ME- 
TALLURGY.- Practically treated by ALEXANDER 
WATT, F.R.S.A. 

John Weale, 59, High Hclborn, London, W.C. 
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t^EW SERIES OF EDUCATIONAL WORKS. 

Inde-ny 12m.<, with W"«lcut-, t-!-.tli. |. dec- 4s. 

(INSTITUTIONAL HISTOIEY OF ENG- 
LAND.— 1, 2, 3, l.-Iiy w. D. HAMILTON, of the KUte P. O. 



-5, S.-iiv W. II. HAMILTON. 2 tali. 
Ill dciiiiv 12m i, ivitli M l:' ■>!' I fiily iLiid W...i,l. iiti r i-lorli, ]inr.,i 1!;. (Jd 

rjUTLINE OF THE HISTORY OF ROME.— 

W 7.8.— By W. n. HAMILTON, avoid. 

In demy 19nux cloth, price tia. fi I. 

prfl'viiXOT.OGV OF CIVIL AND ECCLES!- 

*J ASTLf'A L HISTORY, L1TEUATUUE, ART, AND C1VI. 
LIBATION, Ir.rai ttn- purlicst periral M I In' picsunL— 9, 10.— 2 vols. 



DICTIONARY OF THE ENGLISH LAN- 
Gt'AOK.- 12, 13.-A New Dictiunnrr „f f.i». Unglish Ti.ntriia 
M apoken unit writt.ni, above 100,000 wnrdu, or5u,000 m >re than la 
BllVMistiiDt w.irk. hy !l VI)!'. (I L A UK. ll, I ).<.!. 1... I! vol.. ill 1. 

In demy 1 2 mo, ninth, price In. 

QRA1IMAR OF THE GREEK LANGUAGE. 



-niCTi 

-i-* LIB! 
vols, in 1. 

DICT 
OK 



GRAmiAR I OrTHE t LATIN 1<l LANGUAGE. 
—IB.— By the Itev. T. GOODWIN, A.B. 



In demy 12rao, cloth, price Is. fid. 

TVECTIONARY OF THE ENGLISH AND 

JJ LATIN LANCH7AGB8.— W, 23.— By the Key. T. GOOD- 
WIN, A. It. V.,l. II. 

Ill drnny 12mo, cloth, price la. 

QSAMMAR OF THE FRENCH LANGUAGE. 

John YTeiile, 53. High itolborn, London, W.C. 



M 



R WE ALE'S EDUCATIONAL SEBII3- 



I:; ilrmv \1 !■]<;[!:, prii'i' Is, 

DICTIONARY OF THE FRENCH AND 
i..iN(;iM[:i:i,-ij,-i!y a. i : . w i > v. i 1. 

In i: i rn >- t !■■!!:. v;i::i> 1 i' i. 

T\ICTIONAPA' OF THE ENGLISH AND 

J' l-'KEKtJIl LAN il'AClvS.— lie.— Uy A. KI.WHS. Vol li. 
In ilemy 12mo, cloth, price Is. 

pEAMMAE OF THE ITALIAN LANGUAGE 

*J — ST.-Iij A. EL WES. 

In liemy 12mn, cloth, price 2b. 

DICTIONARY OK THE ITALIAN. ENG- 
LISH, AND FRENCH L\ -NGUAGE8.- 28, 20.— By A. 
ELWK5. ToL L 

In liemv 12mo, cloth, price 2s. 

■niCTIONAEY OF THE ENGLISH, ITALIAN, 



In tl»]iiv 12mo, cloth, price 2a. 

JIY OF THE FEENCE 

ILI8H LA NG U AG ES.— 82, 33.- 
In rlemv I2mn, doth, price la. 

n EAMMAE OF THE SPANISH LANGUAGE. 

-Sl.-llyA.ELWE9. 
l-.i il. l-.':!u>. i-l.-.th. piU'C 'In. 

■niCTIONAEY OF THE SPANISH AND 

J ' KMJI.ISH l.AXl.;UAGE5.-3S,3fl,37,D8.-J!y A.ELWErj. 
4vo1h. in 1. 

li u.-nv l-2m". !■!■>(;!, ;:riiv Is. 

QKAMMAE Of THE GERMAN LANGUAGE. 
C 



i:: .!-v.iv I '.']}]'>. t[..th. l.fif - Is 

LASSICAL OKUMAN 1 i FA DEE — 40. — From 



DICTI 
MA 



it I2mo, cloth, price Ta. 

~F THE HEE 

GES.— 44,45.— Conl, 

>. (tn K cfher with iht _ 

«.), by Dr. BREB5LAU, Hebrew Pro- 



-niCTIONAEY ""OF™ THE " ENGLISH AND 

J ' ]!!■ IHil-'AV LANGUAGES.— 41.-VrI, III. toiamiiilctc 



John Weale, 50, High Holbom, L 
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R> WE ALE'S CLASSICAL SERIES, 



neatly [iriul^i] mi v' 1 ' "I [uptr. Tlioso piictd urn published. 

p REEK AND LATIN CLASSICS. — A Series of 

VJ Volumes cninumn;: tiio oviiirii'iU Greek and Latin Authors, 
accompanied by H\;>lanat.>' y Null's III McjjIisIj, |,vin;ii;.iLUy n-itct.-.'. 
from tlie best and most recant Uormin UonimenUtorF, atd com- 
prising all tlii-so Works tint ma essential for the Sclwlnr and llie 
ftiull, and »p[.lir,l.l„ f,,r t!.c Universities of Oxford, Cambridge, 
Edinburgh, Gl as AI.i.iJ.i, n. acid Dublin On' (j.ilU-Bi's at Uulfiist, 
Cork, tialway, Winchester, and Eton, nnd the great Schools »c 
Harrow, Rugby, fic-nlsnf.r Private Tuition and Inst:-ucti™, ar.d 



In demy l£mo, boards, price 2?. 

C CESAR'S COMMENTARIES ON THE GAL- 

Vy LIC WAR.— 2.— With Grammatical and Explanatory Notes 
in English, and a Geographical Index. 

In demy 12mo, boards, price Is. 

fOENELlUS NEPOS.— 3.— With English Not ea, 
\J ic. 



y 1RGIL. — 4. — The Georgia, liacolica, with English 

In demy 12mo, boards, price 2k. 

VIRGIL'S ^ENEID.-S.— (On the same plan ns 
(he preceding). 

T2 ORACR^J^deT ft^Epodm;' with English 

-CI Noies, and Analysis and Ks,, la nation of Hie Metres. 
iTdeiii) iiiriui, board*, iiriciTisi uT." 

JJORACE.— 7.— Satires and Epistles, with English 
CALLUS' 

& tliine War, with English Notes. 

In demy 12mo, hoard's, pries Is. fid. 

TERENCE. — 9. — Andrea nnd He.iutontimorume- 

X nos, with English Nolea. 

In demy llmo, boards, price 2s. 

TERENCE,— 1 0.—l'h ormio, Adelphi, and Heeyra, 
with English Kotes. 
In demy I2mo. 

CICERO.— 11. — Orations against Catiline, for 
Sulla, for Areolae, and for the Manilinn Law. 



filCERO.— 12.— First and Second Philippics ; Ora- 

\J lions for Mitn, for Mnrcellus, «c. 



JjR. WEALE'S CLASSICAL SERIES. 

In demy I2oio. 

QICERO.— 13.— De Ofneiis. 

CICERO.— 14!— 'i)d IJ Am!^lt;\/"k-' S^tcUi'i'. and 
DrsiiiH, wiili English Nutis. 
In tan? 18mo. 

TU VENAL AND PERSIUS.— 15.— (The indeli- 

" oats pnrts eipunged.) 

In doroy 12 mo, bosrdn, price Ss. 

LIVY. — 16. — Books i. to v. in two vols., with 
English No lea. 

^IVY.— 17.— B^olMMl. an/Sa^ with English 

In domy 12 ma. 

TACITUS. — 18. — Agricola ; Gormania; and An- 

-"- r.als, Book I. 

In demy iBmi, bowda. pries 2a. 

^ELECTIONS FROM TIBULLUS, OVID, and 

^£ PKOPERTIU5. — 19.— WUh EngUall N.'t«f, 

In demy 12m o. 

g ELECTIONS FROM SUETONIUS and the 

CREEK SERIES, ON A SIMILAR PLAN TO THE LATIN 
SERIES. 
Those not priced are in ilia Press. 



In demy 12mo, bourn's, price la. 

YENOPHON. — 2. — Anabasis, i. 

A. Encllali Nolei. 



J^UCIAN. - 

In deiiiy Umo, bonds, prim la. tbl. 

JJOMER— 5.— Iliad, i. to vi, with English Notes. 

11' 

In demy 12mo, board*, price Is. 6d. 

HOMER. — 7. — Iliad, xiil to xviii. with English 
Notes. 



John WciIc, 5?, lliyli IKilWn, Limlon, W.C. 
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JJB. WEALE'S CLASSICAL SERIES. 

In di m? 13tuo, boards, plica Is. Bd. 

JJOMEE. — 9.— Odysscy,i. to vi., with English Notes. 

In dum7 l2mo, boards, flirice 1p. GJ. 

ffi OMER.— 10.-— Odyssey, vii. to xii., with English 

In demy 12rao, bonrdi, price Is. 61. 

J.JOMER.— 11.— Odyssey, siii. to xviii.with English 

In il.my 12m", boards, price U. fid. 

JJOilEE. — 12. — Odyssey, xix. to xxiv. ; and 
pLATO.— 13^-^X^ology, Onto, and Plitedo, with 



In . i i- ■ : L y limn, b.iiiv Is, [.I ii ■: i~. I'll. 

HEiiODOTUS.— 15.— iii. iv., with English Notts. 
IWirat*! Ii. Itinrim"e tlm ».i*n nt Divon-I t.y.. 

Iu drtny I2mo. 
JjEEODOTUS.— 16.— v. vi. iiiid part of vii. 



D-di-m..,! i.- Hli firans the Diika of 1) 
In demy I2mo, boards, price Is. 

gOPHOCLES. — 18.— (Edipus Bex, with English 

Id demy 12mo. 

gOPHOCLES.— 10.— (Edipus Colouteus. 

In demy Ignjo. 

g OPHOC EES.— 20.— Antigone. 



gOPHOCLES.— 21.— Ajai 



gOPHOCLES.— 22.— Philoctetes. 

In demy 12mn. bonrds, priw Is. flii. ~~ 

gUItLPIDES.— 23.— Hecuba, with English Notes. 

In demy 12mo. 

J^UEIPIDES.— 24.— Medea. 
J£ UEIPIDES.— 25.— H ippoly tus. 

J u bn W«»Ic, 59, Higli Holborn, London, W.C. 
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J|B. WE ALE'S CLASSICAL SERIES. 
^UEIPIDEs"— 2a— Alwslisi with English Notes. 

In demy 12mo. 

JTURIPIDES.— 27.— Orestes. 

In demy 12nio. 

Jj^TTEIPIDES.— 26.— Extracts from the remaining 



In demy ISmr,. 

^SCHYLUS.— 30.— Prometheus Vinctus. 

In demy 12 mo. 

SCHYLUS,— 31.— Persic. 



^SCHYLUS.— 33!— Chodphorffi. 



SOHTLUS.— 34— Enmenldes. 



In demy 12mo. 

SCI1YLUS. — 35. — Agamemnon. 

Iti deniy 12mo. 

y <£SCHYLTJS.— 3a— Snppliees. 

In demy 12mo. 

pLUTAECH.— 37.— Select Lives. 

In dwny 12m 0, 

^TCISTOPffANES. — 38. — Clouds. 



In demy l!mo. 

^ErSTOPHANES. — 40. — Selections from the 
•JHUCYDIDES!'— 4™. — Vith English Notes. 

In ile my 12mo. 

IJHUCYDIDES.— 4 2.— II. 

J.y-.n Wer.lp, 69, Jlieh Holborti, r^ndm, W.O. 
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WE ALE'S CLASSICAL SERIES. 
fpHEOCEITUS.— 43!— saectldyls. 

I11 demy 12 mo. 

piNDAR.— 44. 
gOCBATES.-^5. 

~~ la demy —mo, 

JJE5IOD.— 46. 



ON ARC II ITECTUliE, ENGINEERING, AND THE 



FINE AUTS. 



ARCHITECTURAL ANTIQUITIES AND RESTO- 
RATION OF ST. STEPHEN'S CUAPEL, WESTMINSTER 
(lite Hie House of Commase). 

Fine Plaice and Vignettes, Atlai folio, price £3 10s. 

"■NORWEGIAN GOVERNMENT WORK." 

ll — THE CATHEDRAL OF THEONDHEIM, IN 
WOttWAY. Text by Professor MUNCH; drawings by II. E. 
3CH1H MEB, Architect. 

Large AtlaB folio, 4 llvraif 
each, or £1 Id England 
Engravings, some of whit 

< t CPANISH GOVERNMENT WORK."— 

° MONUMENTS A!i-.:H[T!-|'T()XlQrE3 DE L'ES- 
I'AGNK, PiniLlKS At.X. F1L A1H I.H-L LA NaTK1N._P.ibt I 
PraviMcia de Toledo, Granadu, Alc.ila do Hcnsres.— Part 2. Cale- 
rijul Tulcdn, l>e tallies —P»ht 3. Granada, BegOTtB, T"le'do, Sala- 
inn-ici. -P.MiT I. Stnln Mavh dr Ale* 1 ;! <!« H.nmrc* Ona L.o :1 ,ll n> 
Valencia, Toledo, Segovia, Ac— This work surpass in beamy all 
oilier works. 

C iinl SLLi;:p'.'.|.Hi'ly Wind in rt<! BilWJ, jjiU; l"!iv, s. i 1 l! 
C.'Siimhi.-r f„lio platee, with test a'so umf.u'iu. ivith ualJ borders, 
and elegantly half-bound In niorocHi, wilt, t n lfl.i.; Plat,.., in 
{J jlMiuL I .i,-r fjiin, und r.;\t in imn-rial -Im, ]i ,:f-i,:>ii ml in < 1 - 00, 
Kilt, i7 7-. : I'l.i'i^ in C.duiiLbi.T f.-llo, and hint in imperial Ito, 
iti cloth extra, boards and lettered, £1 14s. 6d. 

THE VICTORIA BRIDGE, AT MONTREAL, 

-"- IN CANADA, - Etshi laVlv ir.ilSTtiled l-v vWs, r '„ns, 
elevations and details -f ilic 1 ; t Lr: : t. .1 itli Hi- iMiutr.itioris 

Of the Mnchini-ry and 1.' -ntriv .iiic-.,: 11-0. i ill tli'j c.insti nr.tiiai of litis 
StiJ|i ■11(1. -Lfil J' [ill -I'll Idl-.l .t'l'l v.llil.i'i':; t'luil'ixrnl.r u'.uk. 'I'll.', v i; 1 .In 

pri'rtimd in tliu finest style of art, plcliirially ami (•™inetrioalK- 
dran-n, and the views highly oloimvl, nnd a d-ici lolim test. 
Ili.dif.Vi .1 in iLl, Km-:i1 Hi-I:ii!>!:.-; tin: !'-itic-.; .">:" Willi:*. Br JAMES 
HUDdl'.S. Kti-iti, In I'." r.mUWnn. !\iii;i:i(!-rs: IfOHEliT 
STKnii;Ni!llN and ALEX. M. HOSB. cinti-i.c-nrsi Sir S. 
MOIITUX J'LTO. ita.t., II. I'. TMOJUi 1! I; A iJ l - , av.i LU- 
WAK1J LADD lilllTS, Esqr*. 

Jolin Weals, 59, High ILdbom, London, W.C. 
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very neat™ priced os? On'f I -.Or-; i — printed (or sale. 

PROFESSOR COCKEH ELL'S WORK— 
-T tiii; templls of .iri'iii'.i; panheu.enius at 

^l-CINA, \ N LI <>V AIM I. '.o r.i-l'-flilUS AT IIAS^-.-K, M-'.Ali 
P11I0A1.E1A, IN AUUADIA. 

It i-jii-..].-. cd to j.iii,!Hh ('■« Lift sint! Works of the late 

TSAMBAltD KINGDON BRUNEL, F.R.S., 

-I Civil Engineer. — Tin i;oniu~, talent, mid great enterprise 
of the Isitu Mr. ltinriel hiH il world, v.- Me fume, Ills whole life WBS 
devoted alone (n ihn sci-iicn of his ni-of.-s.iion, not in imitation or 
copyiin: uthet i, but in Inventi-m. In l|ndinp; out hot roods to tha 

li.'iilinii [iiLLli .11 i-ji-inei- -. ini; An, niv.i- ii!.- !■: ..ml : r.ilitii--., stud wliich 
ha? or Have given to England a name, fnr lefuroncj and if lenoiwied 
intelligence in this Art. 



quantities, nultMiMs'i: Also ^.u-ii-.hi-— 1. D-si-ni. for the Cen- 
i' Tin:; Niokr.:;. L t,-. ; ^. De-i-n-; for K >■<(■'. and St:iirca6ea. 

a. Tin! t'ivEi Orders Ta'.t down In a Mile; 1. Modern Method of 
Turing Oi.de; -. Joints urCiLVi'.iroiV »oik; 5. I>e.i-ai for Mode in 
I-']-, in -: ,i-itii tlu;ir iU'l:iils: (!. 1>. sijru-' lor M---.-t-.-rii !ion rs Kirb 
their detnls; 7. Designs for .Modern Windows, with their details, 
sisid ("..[■ V i U il Arrliitrn'.iiie. TJ]|- w'inio amp'-v d.' ih-d, :■-.[■ tl:e 
u-ie of the Operative Carpenter and Builder. Firstly written and 
i.oUisi.cd hv WI1.UAM P.U.V ^irondly, widi M -icni IXsiijus, 
Impr I I i Uchitccl. 

In ISfil "ill ho piibll ilied a volume in 12mo, n: titled 

A DIGEST 01' 1'HICES of Works in Civil Engl- 

neeiing and Hallway Engineering, Mech.in'.nt Engineering, 
Tools, Wr.iiiLjli: and Oast I:- n W- iiss, Ston,-. Ti..:»., i- :,r.,l Wiro 
Work-, and i:vrv kinl of iufoninli-m tiiat i ri i.-i i !'!:iin-.'d and 
ma le useful in 1 'stypating, Specifying, and Ke poi tin?. 



In 4tn, 2s. Od. 

1ST, ASTRONOMER ROYAL, F.R.S., &ft— 

U- -.UTS in' KiiK-riir-ontH n:i tin.. Iliatiiiliotics : f (lie L'oliip 133 



In Iron-built Ships. 



In a sheet. 3s.. in esse, Ss. dd. 

ANCIENT DOORWAYS AND WINDOWS 

^* (Esamples of). Arranged to illustrate the illff. ietit styles of 



ANCIENT DOMESTIC ARCHITECTURE.— 
" Principally selected from original drawings In the collection 
of the iato Sir William ISiirroll, l.'.srt., with obiervallons o.i the 
application of ancient architecture to the pictorial imposition of 



ANGLICAN CHURCH ORNAMENT.— 

-fl Wherein are iijiiirml the S.-iints uf the lin-listi calendar, with 
their appropriate emblems; the different stylus of stained glass; 
nr. 'I va:;-i ii Mir i ■ -il h'.-io^nlii'siiid nniMiii'tin osi il in th ichc-i, 
John Weale, fi«, Illish Ilolborn, London, W.O. 
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In 4to, Is. 6d. 

A EAGO, Hons, — Report on the Atmospheric 

^1 System, and 0111111 prnprisi'il A1i:iii!-p!n'rLi> Kaihviiy at fari-i. 

In 4to, Willi about 600 Engnvlnffi, some of which are highly 
coloured, 4 vols., original copies, liolf-Lound in murocc', f. 8 Gs. 

^BCHITECTUKAL PAPERS. 

2 Engravings, in folio, n-cful in learners and for schools, 2s. ad. 

ARCHITECTURAL ORDERS (FIVE) AND 

•£»• THEIR ENTABLATURES, drawn to a larger tcaTe, Willi 
Figured Dimensions. 

i to. Is. 

^RNOLLET, M. — Report on his Atmospheric 



T) ARLOW, P. W. — Observations on the Niagara 

JJ Railway Snspension Bridge. 

In Itvrgeito, vtfv n.'.i iinlfmcroccn. 13k., with Engravings. 

BARRY, SIR CHARLES, R.A., &c. — 
Srmlira "f ll'klfi-.: Enjjlisli ArciiiH-cusrc. l!y W. 11. LEEDS; 
Tho Travellers' Club- House, Illustrated by Engravings of Flans, 
Sections, Elevation", sn 1 details. 

In 1 Vol., large 8vo. with coloured Fletei, half-ihorocei, prlca £1 Is. 

BEWICK'S (J. G.) GEOLOGICAL TREATISE 
ON THE DISTRICT OF CLEVELAND IN NOKTII 
YORKSHIRE, Us Ftmi s inous Deposits, Lias ani Oolites; with, 
tome Otwi!i-viitiuus on I.cnsMns Mining. 



DINNS, 1 

U embracii 



In 8to, with Plates. Price 4s. • 

1,W. S. — Work on Geometrical Drawing, 

1 e mimic ill* Prac'.ical Geometry, inciudinD- llv. use (.1 Urnwiri.,- 
[ns:rii:!i!'[i!'i, :!ifl cons' ni:-.!i„n mi'l list- "f tic^.s-i, Oi iln^r.iphic IV:)- 
lection, and Elemental y Descriptive Geometry. 

In4tn. with 105 IlluslmtiVH Plates, clo'h bonrui. £1 lis. 6d. 

BLASHFIELD, J. M., M. R. Inst., &c.— 
SELECTIONS OF VASES, STATUES, DUSTS, &a , from 
1'i:i:ha COTTAS. 

D LASH FIELD,"' J. M., M. R., Inst., &c— 

*-* ACCOUNT OF THE HISTORY A NO MANUFACTURE 
OF ANCIENT AND MODERN TERRA COTTA. 

TJODMER, R., C.E.— On the Propulsion of Vessels 



BRIDGE. — A large magnificent Plate, 3 feet 6 
inches bv 2fisot, on a scale of 25 fa-t loan inch, nf LONDON 
; 1' iiiiiui'i-r j " J 1 • : .ir.i! l'liv ; .'i Ilnj,-: ,ivi:il iillil eliili:.- 
r.itali ImisVr.. Tin- W ■ -1 k of 1 1 ic KENNIES. 

J din AVc.i!,-. f!\ High llolb.rn, London, W.C. 
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In roval 9*o, »Uli vary elaborate Plates (folded), £l 10a. 

BRIDGES, SUSPENSION. — An Aeconnt, 
wLihlWMniii.iin. of iln; Suspension Bridge across tboliiver 
Danube, by Wm. T. CLARK, F.R.S. 



-sou'rnwARK 



STONE 111UDUE. 

1 Terr large Engraving, price Si 

BRIDGE acroas the Thames. — VAUXHALL 
IRON BRIDG E- 

1 very large Engraving, price 4s. 6d. 

"D RIDGE across the Thames. — HAMMERSMITH 

A* SUSPENSION Kill DOE. 

1 large Engraving, price 4s. Gd. 

TJ RIDGE (the UPPER SCHUYLKILL) at 

JJ PHILADELPHIA, the greatest known spin of one arch, 
1 large F-ncraTine, r.i Ire 3k. Ed. 

^RIDGE^the SCHUYLKILL) at PHILA- 

1 large Engraving, price 3s. fid. 

BRIDGE. — ON THE PRINCIPLE OF SUS- 
PENSION, bt Sir I. BRUNEI., in Ihu ISLAND OF 

B QUI! HON. 

1 largs Engraving, nricr 4s. 

PRIDGE. — PLAN and ELEVATION of the 

1} PATENT IRON BAR BRIDGE oter tlio River Tweed, near 



.. _ jf Seftim Cluirih, i..mc:i::!ii v. hit 
of Ilenrv VIII. 

• John Weile, 59, High Holborn, London 



TUT.]'., I s-i-.krinc;-, KINE ABT6, &c. 
1 lirge BnpjraTlDg, i>rire 3a, 66, 
"D BUTTON'S (John) VILIWS of the WEST 

J-> FRDNTri of 11 l-NGI.Iijlt UA TIll-lDKALS. 

1 large rii).-:".iivL,- i:i outline, jvir.-- l;-; lii. 

BRITTON'S (Jolm) PEBSPECTIVE VIEWS of 
tlnj ISTEiilOK 'if 14 CATHEDKALS. 
In llo, 33. Gil. 

D RODIE, R, C.E. — Rules for Banging - Rail- 

I > way Curres, with I he Theodolite, and without Tnblm. 
1 large Engraving, pric* 4s. GJ. 

RBOWN'S (Capt. S.) CHAIN PIER at Brighton, 

-I ' with D c t*ila. " 

Tha Teit in one large volume 6vo, and the Plates, upwards of 70 
in number, in an atlna fulio vr-.-y :i.jatly half-bound, 



BUCHANAN, E. — P] 
ON MILL WORK AND O 



RACTICAL ESSAYS 

EH MACHINERY; with 
iidlfl ol mou^n invention-, first [inUM.^! by 
[AN AN, M.K.: a .mi J j ir.ij i .-.veil and ddiled 
IILIUJOLIA, C.i;. ; .nid re.vUi.^i. 'villi 'lie in;- 

t. I:LN .|L. FKB. 



Supplementary Vulni 
Hiiri.oi < f m:Ci[ANAN "On M i:i-\V.::k air'. Oihvr Machinery," 
by TREDGOLD. The work consists of IS Plates. 
~~~ ~Tn Svo, Willi Filths. 2nd Edition, Is. (id. — 

£URN, C, C.E.— On Tram and Horse Railways. 



CALCULATOR (THE)': Or, TIMBER MER- 

CHANT'S AND BUILDER'S GUIDE. Hp WILLIAM 
liHlUAilhiOjX an,! I'TIA KLKS HANK, -( WisVneiY 
In Svo, PUtts, cloth boards, 7s. 6d. 

n ALVER, E. K, R.N, — THE CONSERVATION 
^ ant) r\ici;nvr,MKNT of tidal rivm^. 



pARTER, o\vEN al B b , ,1 'Architect°— i 

V- of THE ANCIENT PAINTED GLASS 0 
TYM CA'illKHKAI., Fix am r,!,.-. .:|. 25 L'ol-.lir. 1 



OF THE CHURCH OF ST. JOHN THE BAPTIST, 
at Bishops! mo, willi r.liiHiiiitiim:; oi'its Architecture. 

Julio Wealo, 69, Ilifih Ilolborn, London, W.C. 
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ti;i:i,. i;X(.;i\i:i;ui.vi.i, t'iNi; Aitrs. ic. 

In 4to. with 19 Engravings, £1 W 

C II A TEA rKKKP, A. de, Architect.— Architec- 
tnra Dome-it;™ ; n Series of very neat oianiplcs of Interiors. 

null EsiiiriOttt <■:' ■•■-\d:-:c,:i in [1m Tl:^ hill Slyl,!. 

C HIPPEN DALE" HIIGO ' JONES* JOHNSON, 

^ LOCK, and l'ETUEH.— Old English and French Orna- 
ments: comyrisiiiir 244 designs on 105 Plates of elaborate examples 
of Hull Gliis-l'-i. l'it'tnre Frami'.-i, CbiiMi.-y-l.irtnii, Ceiling, ?tnll 's 
for China, Clock and Watch Cases, Girandoles, Brackets, Gntes, 
Lanterns, Orntin:- n cnl Furniture, u mam en is for brass workers and 
silver wurkfti-s, r. ul dniamsntfll ironwork Patterns, and for carvers, 

modellers, &c, &r., &e. 

410, thif! IMiiinn Mitl: mid it inn, price £1 lis. 6d. 

pLEGG, SAM., C.K.— A PRACTICAL TEEA- 

^ TISE ON THE MANUFACTURE AND DI3TniUU. 
11UTI0N OF COAL WAS, Illustrated by Engravings from Work- 
in:; L>l jiviiijci, .".iili U»i:b:-iiL IMim,VC:i. 

In 4to, riates, and 7S Woodcuts, boards, price Bs. 

pLEGG, SAM., C.E.— ARCHITECTURE OP 

V" MACHINERY. An Essay on Propriety of Form and Pro- 
portion. For the use of Students and Schoolmasters. 

InSvn, la, ' 

QOLBURXS, Z.— On Steam Boiler Explosions. 

One very large Engraving, price 4s. 6d. 

pONEY'S (J.) Interior View of the Cathedral 

Church of St. Paul. 

In 4to, on card board, Is. 

£JOWPER, C— Diagram of the Expansion of Steam. 

In one Tel. atn, with 20 Folding Plates, price £1 Is. 

CKOTON AQUEDUCT. — Description of the 
New York Croton Acmduct, in 20 large detailed and engi- 
neerii![! [>i|.iiit.;i!f.:-y ri.it. -~ v.io, teit in Ibn T-.n-li-ii, Gorman, 
anil French Iao;ns^[^. by T. SCHP.AMK R, C K. 

In demv 12mo, cloth, extra bound and lettered, price 4a. 

DENISON.— A Rudimentary Treatise on Clocks 
rih.l V.";it,-' en, :m<] IV1N : ivith n lull a.-f...:.ir.t :.f f- ,. w l ,, ! ,.,ii,- 



Kt.TCIi'/4 f'l'IH, 1>V EltVjUNh lilX'KKT DKNIkON, M.A., 

Q.C. Fi urtli I'.oilion rn-ivrislni and fmtntin li, v.i:li Kni.- nvin-'. 

In royal Ito, cloth boards, pric? £1 11b. fid. 

DOWNES, CHARLES, Architect.— Great Exhi- 
bition Building. The Building erected In Hyde Park for 
(In: Great Kilobit,.,,,, ISM; L!S lii!:ii t„H\v.z I'im^. < n,!. ■ i-in ■_• 
I'lui.s, i:irv:i:t Hi, t^ciit us, and DctMl:', Inii; d .ivn io :; ]:u : ^; siiiL', 
and the Working and Measnred Drawings. 

DRAWING BOOKS.— Showing to Students the 
superior method of Drawing anil Shadowing. 

DRAWING BOOK.— COURS ELEMEN- 
TAIliES Di; LAVIS APPLIQUE A L'AliL'IIITECTUIlE; 
folio volume, ci iitniiiinj: -Id <lidinr.il..'li- i;i-r:r. . .1 Pinti-a. in shadows 
and tinlfl, rery finely executed, by the best artists in France. £2, 
Paris. 

John Wcalc, £9, High Hotlnrn, London, W.C. 
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ME. WE ALE'S WOBKS ON AECHITEC- 
Ti ! i:. i;M.ro-:[;L. M.. pi nk. a:;t«. a,-, 

EA BOOK. — COUR5" ELEMEN- 

TAinKi Dn L.win Ai'i'LUjLf: A mkoiiamwL'U) 

folio volume, <■ 5 i uinV.ii-.iii'iy pn ; ;i :ivnl ['[ L ;,. s in fli-i :..nu 

and tints, vi-r-y ni;»lT i;:t« utud. |j/ [lie In'-.; uitista in Prance. 
£2 10a. 1'aria. 



DRAWING BOOK. — COUES ELEME5T- 
TAIUES 1>E LAV1S APPL10.UE A OJ1NEME.NTA- 
TION; Mi., v,,',,:,,,., r r ,:: ;il ii[-, t i S Lin i-lah.-.at'vv- ..mi: L -.| Plan- in 
shadows, sml liiii-, hit iiii.ilv I'-.-T'iiriTi, tiy r?m L..>,t artists in 
France. £1. Pa>ia. 



"HEAWING BOOK. —ETUDES PEOGEES- 

U 8IVE3 KT COUPLE lES D'ARCHITECTUKE DE 
LAVIS, ; :u- J. l:. Tllil'iiN ; \.ir:>,- Mb. ill lini; l'lulea, coronrifling 
the Oi-dern of A itiiiticturf', umi ding-:, wiili profiles, ornaments, 
ami f.n-ms .if ili-ir |n'..[i.jiti...n, s:;:i..|.,|.. in_- djuiii, b il-.i-tur:i, 
parterres, Ac. &-..,l-r.. £1 4.-;. Paris. 



III l-_i;i ■, el nil li:.;inls ].;:;. in-.], prion 5a. 

PCKSTEIN, G. F. —A Practical Treatise on 

-Lj Cliimnejn; with remsris on StuvU, IUb consumption of 
Smoke and Coal, Ventilation, &a. 

Hates, imperial Svo, price 7b. 

TPLLET, CHAELES, C. K, of the U. &— Report 

J-1 ■■ n Hi.! I;i; r r„vnvnT,l <>f Ivannwiia, ami moidcrlfallv <■: ilu, 
Oiilo Kiver, hy nv:.ma . i Artirir ial I. i kri.. 



I? X AMP L eI* of Oheap^Eailway Makina 
■1 American and Belgian. 



In one vol. 4to, 49 Plates, with dimensions, extra 0,0111 boards, 

EXAMPLES for Builders, Carpenters, and 
,)..:,:.-.■:; ; lirini; -.i ell-Fii It CH:d 1 ] ii:.-it:-«!i. : i ( [' recent M,di-:n 
Art and Omisinieilon. 



With Engravings and Woodcuts, price, 12a. 

FROME, Lientenaat-Colonel^JEt-E, — Outline of 
tin Method of conducting a TrigOWmielrlcal Survey for tlia 
FiirmatiMTi T..]> 1 jip:- 5 L nl I'hnu ; I I'.lriinMi. M- :ii:iiig in 
the IiUiT-iur U.i'.iil, bo t hi by 1 ■ ' n i me :!:■.: V. I s!:i;tc'::i;'.g; lliliinvj- 
Reoonnaissances, Levelling, &c, t i-mhiir with Colonial Sur- 
veying. 



In 4ti>, with Plates, price 7s. Gd. 

T? A 1 I; F. A T E N, W., C.G., F.E.S. — ON 

-*■ W AT E P. ■ W H E E L S, WITH VENTILATED liUCK l-.i'S. 

Ia royal 8v, uith Plates anil Woidcuts, Second Edition, much 
improved, pike, in irMm rt--tit boards, 18s. 

PAIEBAIRN, W, C.E., F.E.S.— ON THE 

J- APPLICATION OF CAST AND WROUGHT IRON TO 
BUILDING PURPOSES. 



D pi rial Si o, With fin* riates, a Pri™ 16s., or 21s. In 

■pEEGTJSSON'S (J.) Essay on the Ancient Topo- 

-L ; r.iphy iil J, rusalcm, with restored I'Iots nf tin- T. liii.h-, 
J.u skived in vnin:>''i: vvi-r -jij. 

niLL, J. — ESSAY ON THE THERMO DY- 

*-J NAMICS Oi' ELASTIC FLUIDS, hy JOSEPH GILL, 
Willi Diagrams. 

John WeaIo,59, High H.dborn, London, W.C. 
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JJAKEWELL, ; 

leal, ral W,'ll.ii:ii; i:i 



In liniiui-ial 6vo, Tl.lra Edition, with Additions. 11 Platen, dotli 
boards, Si. 

J_J Ai.iT, J., On Oljiif [lie Bridges. — A TracUciU 
JJEALD, QEoS'GE, O.R— System of Setting Out 



I ti wirh liH.rravir!-.^, I'Htli iioni' ! s Thl'ii I'll tinti, 10s. &], 

"1PKINSON, JOSEPH, C.E.— The Working of 

t':»- *ii.«n] illl-ine Lspl:-.;n_d lly tin- i:su oi [!,■! ii|.|ir.,!tor. 

Huntington" b j,' bT'&k*— tables and 
RULES for Facilitating the Calculated of Enrthwnrk, Land. 
Ourvea, DiKlaucea, and Gradients, required la ttie Formation or 

tiHilwHFB. Rhk.\h . and rjanaln. ___ 

S,':hi:.1l- if >i:l IIlo nbovo, [>:■;,>.. !Js. 

T1UNTINGT0N, J. B„ C.E. — THE TABLES 

OF GRADIENTS. 

10 Plates, Sro, bound, 5fl. 

TNIGO JONES. — Designs for Chimney Glasses 

i- and Chimni-y Pi-c.H. o: :i„.. Tims of Cliarlai tin 1*1. 

In a ibeet 3s. 
TErS.lI.— PlantiitioH and British Statute 

f (comparative Table of), so that English Measure c 



TliON. — ACCOUNT OF THE CONSTKUC- 
1 tion of Tin; ikiin liniiF of Tin: new uousks 

Or l'AII i.t.MiKNT, '..ill: iMW.ti! KnuiMvii of .>..!., 
In imperial 4to, with 50 EiigraTluga, and 2 due Woodents, half- 



GATES, LOIKII'.^, I'AUSAUING, AND li;ON-\VOKK OF 
1 11 EI 1IIIVAI, 1'AEti^. v. I li :.-.oi.: otitar I)e»iKIIS. 

John Weal?, 50, High llulborn, London, VT.C. 
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111 l'n, with 1!) I'l.'.lf;:. 1L>?. 

T EBB'S, Colonel, Modem Prisons.— Their Con- 

« SSl-ucMoii ami V.!:=(i!.HMj!t. 



In 3 vols. 8vo, with 28 cWiinnui Pisiri-s, cmrli h.nrds, £3 2s. 

TONES, Major-Gen. Sir John, Bait. — Journal 

" of lh8 Sieges cirricdon liy iho Army under the Duke of Wel- 
lington in Sjnin, butwe.'ti tin; years 1SU -~ ' '"" 

■ : . , .„ ... ,- By J 

IvU'i..] 



II : f 1 1- : L -..I'l'!! 1 Mil yuaiH lOJ 1 HUU 1 

of Torres Vedras. By Major- 
JONES, Bart, K.<;.£i. Third Edirirm. c-ilargsd and edittd by 

Lieut t ti tl I t 

16111 n, cIb 

AND : 

Setting 01 



lliiiif. ci'>l!; is, '.>-;. (111. 

J£ENNEDY AND HACKWOOD'S Tables for_ 



J^IXG, THOMAS. — The Upholsterer's Guide 



Knv.il Arn'ii^r.i.nre; or, A. Treatise on Ship ■ 
iiiiiHLiiijx, nn»iri;liC!tl aiid rrumicnl,fl!i t!t« best prii.fi ;:\e:.. f'sLildislu-d 
in Great Britain; iviih echinus Tables of Dimensions, Scantlings, 
&c. The Third Edition, with an Appendix, containing the princi- 
ples of constructing the Royal and Mercantile Navies, by Sir 
I B ERT EEPPING5. 

bWbonw), £3*la«?6n*. -, -wlth'the" ™ 

OCOMOTI 

' and Practice 
Engines in npirati 



T OCOMOTIVE ' ENGINES. — The Principles 

J J and Practice and Explanation of tbe Machinery of Locomotive 



MAIN, Rev. ROBERT. — An Account of the 
Observatories in and ahnnt London. 

manufactures' 11 and "machinery — 

Prepress of, in Great Britain, as exhibited chiefly in Cbrono- 
logical notices of some Letters Patent^ granted for Inventions and 

16ino,2s. ed. 

j^JAT, R. C., C.E.— Method of setting out Railway 



T1VES WRITTEN l.„ , 
TP ATI VK OF THE I..V1V Ol' STOKMS. The " 
-"""1. wiih nia);r»ms. 



l' u-1 1, lnr^,i 5v„, !,-:. l';u-[ :.!. in ;,i f -|, ■ i-,; i, .11. 

■MTJEBAY, JOHN, C.E.-A Trentiae on tho 

DiierainB bilil>r ° f Eet " inl "S Wfllla > elucidated by Engravings and 
Jobn Weale, 59, nigh Holborn, London, W.C. 
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■VIEVILLE, JOHN, C.E., '.M.R.I.A! — OFFICE 

11 HYPUAULIO TABLES ; forth 



On a Itrpo Mil sheet, price Za. 

"lIYilRA^I 
iVater — ■ 
Chan litis 

IuSvo, Second and nmch Iniim.ved Kdition, n idi an Appcndij, 

veville, j 0 h N, 5r C.E.,' m.rja.— hy- 

- ^ iii: am.k; ni'.:.t< C' i !■:!"]■■ h i i:n rs. am.) formula:; 

!",.]■ l";r:il i : U-.r. !>!■ r!i:ir s" \Y:,fi- from o»<. Nrnchcs, Wnr'', 

i ' i 1 i, mid its. Willi F.ilr'i-iv.- A.l.ii-i.iii-;. N-iv IVrmnln-.Tiillllia. 
mi l Uetlurill li.f.ir.nvionon il iin-1-jll [.Imelmicilt-lSniiliis, Diving.', 
Scwersg", Water Supply for Towns and Mill Power. 

(In 33 folio Plates, 12s. ' ~~~~ 

QBNAME^TS.— OrnamMite^isplayed on a. 

Plates, Bvo, 2s. Gd. 

O'BRIEN'S, IV., O.E. — Prizo Essay on Canaig 
and Canal Conveyance. 
In dmiiy .«vo. cli-lli. Iwanis. lis. 

PAMBOUR, COUNT DE. — STEAM 

* ENGINE ; Hie Theory of the Proportions of Steam Engines, 
and a leries of practical formula-. 

InSvo, cloth, bonrda, with Platen, a second edition, 18'. 

A PRACTICAL TREATISE ON LOCOMO- 

-n- TIVE ENGINES UPON K Al I, WAYS. - With practical 
Tnlikri in! ;m A n«-;>i]is, ■.l]..win;; c J l ■ ■ i-siimus " r r.-,nvi-v!n- ( i .i. .rl n 
liv n'riini <.C L.r.ii.uiivi'ii m !L:iil:..«d3. By COUNT F. JI. G. 
U'n PAMiltjUt. 



PARKER, CHARLES, Architect, FXB.A. ■ 

J- The Rural and Villa Architecture of Italy, portraying I 



land ; ai-lecied from buildings : 
and Florence, and irranijed for 

nJrjr. 



Prir*, r,ini|-.li.|p. £■> ■>*. In I'd. 

POLE, WILLIAM, M. Inst., C. E. — COK- 

- L NISH PL'MPJMi ENGINE; designed and constructed at 
the Havln CoppKr House In Corn wall, nnder the hupmntendenco 
""'■"■AIN JENKINS; erected and now on duty at the Coal 



itirfiis (11 Lilll.-lliii, l)^|.:lllllliint r.f the Loii. 

Nino elaborate Drawings, historically and scientifically described. 
~~ Willi Plate. Ids. 6d. 

AN ANALYTICAL INVESTIGATION OF 

-tl THE ACTION HI' Till; CiUiNlSH PUMPING ENGINE. 
— Thin Third Part sold separately from nbove. 

L!N*. b.uilid ill -trosiM. 

PORTFOLIO OF ENGINEERING ENGRAV- 

■L I NGst.- Useful to Sttulrnta as a Text Book, or a Drawing 
]'. „■:< ,., |.:,i!:ii„ ,■,!„:; io.il M.Tli;i(r.- i; I,,,,,,; •, ■.-,„,.« of 1'racMcal 
K.\.irriij]< s in t'ivil. Ilydi aniir. !.'id jlvrlmnicill E.igkiciTinff. Fifty 
Engravings to a scale for drawing. 

John Weale, 5P, High Holbom, London, W.C, 
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fiO PUt-n, 28i„ boards. 

PORTFOLIO OF GREEK ARCHITECTURE. 

1 —Or, Dih'tuimi Un^ini; iM.ik; Architectural Engravings, 
n-itll i, T-.jiL Hid]]!; jubip-.nl n:l s :::Li-^ of III,; li.-:LL 

CUssic M ■■ii-i, in tli.? O.cciim style of Architecture. 

PORTFOLIO OR^DRAWING BOOK OF 
-t Gothic; church Ai«:inTi;crri;r:.-of the poriods 



25 Plates, Mi". 25h. 

PORTFOLIO OF ARCHAEOLOGICAL Col- 
lections. Of c-iriciis, int'ircstiuj, and ornamental flub- 
.iacts mid j.^n.-rm i'-.r siiiii-'tl glu-n »-iint')« m, frnm York. 

18 Platos.Khi.Sd. Small folio. 

PORTFOLIO OF ANCIENT CAPITAL 
LETTF.liS, JIOS'iHiKAMS, iJCAISr DES1G.NS, Ac. - 
Beautifully (floured and Ornamented. 

PUBLIC S WOiiKS OU OF'' GREAT^BiriTAlN.— 

-T Consisting of llitilirsvj, Kails, Ch-sirs. Mucks, Cuttings, 
UralHtiksiti-iils, Tii::i:cls, (J'jiicn,; Al-cli-'s, Vi.nl .icr;. Hi idg-H. Stu- 
ii'Mi. Lucia- tivi- iCML-inoj, lie. : IMst-Ii.m ]!;■];!■:■-. Ir.ui and (i?is 
Worka, Canals, L ck-£,«i-s, C-ntcriiig, Masonry aud Brickwork 
for Canal Tnimria ; Canal lionti ; I lie London and Liverpool 
Docks, Plain nn.i l.i!iiii']i-;!!>ii-i, I> ifk Walls, Quays, and 

their Masonry; Mooriug-Chains ; Plan of the Harbour aud Port 

Of Load n. , [>:, r ill] [I, ,L[ .mi K n_! i;: L. eri LL- W.-rk-. %Vltll JjSKCriD- 

tlons and Sprcilicntlons. 

In t*n Pans. Imperial folto. 

PUBLIC WORKS OF THE UNITED STATES 
OF AMERICA, 
And the tuit in an Bvo Volume, price together £2 6s. 

PEVOI1TS, SPECIFICATIONS, AND ESTI- 

MATES OF PUBLIC WOHKB OF THE UNITED 
STATES OF AMEBIUA: ejulnnntory of the Atlas Folio of 
DttkiW " 



Vlie Plates ere Engravc/fti the beat'slyle. 



Imperial Svo. BO Engravings, £1 6s. 

p A PERS A N I ) PR ACT1 CAL 1LLTJSTRA- 
-T tions of i'i;iii.n; uouks ov KLur.vr CONSTRUC- 
TION— BOTH BRITISH AM) AMP.KICAN. Sup|i].-.n mm iu-v to 
previous Publications, aud containing nil the details of the Niagara, 



■J'hir,. l-:diti"ii. in r..v.il s,v<>. IvaiMa. 1J Uiiarts, &c, 12s. 

aETD, Major-General Sir W., F.R.S., &c— AN 
ATTEMl'T TO DEVELOP THE LAW OF STORMS 



use lu navigation. 



-Ration. 

John Wenle,' 59, High Holbom, London, W.C. 



jyit. WEALJVS WORKS ON ARCH LTEC- 

EEID, Major-General Sir* W,^Ji.S,** flas, — 
T . ; ; ' nil: iu-.v i;u >l'U v <>;■ i:n: 



. . ji 1J Plates, Ti.ir.t IMiii-.i. -v,., cl'jtli,7s.«l. 

ICHAKDSON, C. J., Architect. — A Popular 

Ilia Warming ani VuntiUiion '■( HniUm^; 



JOHN, l'YRi 



la8vo,Vj. 

JJEVY, J. L., C.E. — The PitoGiiEssiVE Screw 



doll la, together 



■II -.v. ill. li-ii- I 1 .:.-. - I i.iL'irin. L-M.-h.lr.l. n .U|.|. ;>K. 

CMITH, C. IT., Sculptor.— Report ami Investiga- 

" tlon into the Qndificatioin and Fitness of ifiouc for Building 



In 1 vol. 8vo, in WrJa. 7 a. tki. 

SMITH'S, Colonel of the Madras Engine* 
Observations on His Dutki anii KespeulbllitlM Involved in 



OOPW1TH, THOMAS, F.B.R — THE 

" AWAKl) OF THE IJKAN J'ulillST UOMJlIRSHINKliS 

AB TO THE COAL AMI HUtS MINES. 

;-l in';-' I'ln !■■■(. .£1 -is. Hi'p-irMt.'lv, f.it-ji. 

OOPWITJJ, THOMAS, K.H.S. — SERIES 

O OF ENGR.VVl'.D PLANS OF Till", COAL AMD IKON 
MINES. 

12 Pialos, 4to, 8s. in s wrapper. 

CTAIRCASES, HANDRAILS, BALUSTRADES, 

O AN 1 1 NI'.WEI.S 11F THE F.I.IZAHF.THAN AGE. &>■.— 
Consisting of— 1, Staircase at Aiidley-end Old Manor House, 
Witts; 2. Charlion House, Kent; a. Great Ellinj;ham Halt, Hor- 
folk; I. Ilirf.l.I. Cli.-!;irc; r,. Ci.n.n-rli^il-v; I!. (Ink fuirraw ni 
Clam Hull. i:n!uliii.l-;,^; 7. Crnmwul! Hull. ] nr; k ! 3-.t<- ; !l. 

Catherine Hull, CnmljridRn : 10. S'niiCi.fr Itv lingo Jonas at a 
homo in Chn.nd.is Sltnel ; 11. Ditto at Enst Sutton ; 12. Ditto, ditto. 
Useful to those constructing edifices in the early English domestic 

Large atlas folio Plates, price £2 St. 

OTALKARTT, M., N.A. — Naval Architecture ; 

*J or, The ltiidimcuts and Kules of Ship liuildlng : exemplified 
in a Si'rii's <-.f Iumi^Iiis and Vlniis. No text, 

John Weale, 09, High Holuom, London, W.C. 
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gTEVENSON'S, THOMAS, C.E., of Edinburgh, 



Tl-s: in ![«'. ini-i hir-e f.'lio A:\a-, .-if Ifi i'l:,:,:-. liulf-clJlh bosids, 
£■2 lis. 6d. 

QTEAM NAVIGATION. — Vessels of Iron and 

'J Wood : ihe Sieam Engine ; una on Screw Propulsion, By 
WJI. FAIRBAIKS !■'.!!. s..Vt v.:uiC:,.-:tn-: M.-;srs. I-'OKSEBTEK, 

M.I.C.E,ot I.ivcr] 1; .Hill \ I.Allill. M.U'.F... <.f liirk.iiihead; 

OLIVER r,AN(':.;int..} ..i'\\v„M :,-,!,; .M.~.-r...SI',AWAHD, Liiue- 
house, ftc. &C. Sc. I .i.viln ,- with Jd— nits of KspsrimeDts on thB 
Disturbance of the Comnnss in Iron-built Ships. B7 G. B. AIRY, 



CT, PAUL'S CATHEDRAL, LONDON, SEC- 

*J TION OF. — Tho Original Splendid Engraving by J. 
GWYN, J. W A LE^ decorated agreeably to the original jnlention 



Writing 



Second Edition, greatly enlarged, royal Svo, with Platta, clotll 
boards, price IBs. 

STRENGTH OF MATERIALS. — FAIRBAIRN, 
WILLIAM, C.E., F.R.S., and of Ihe Legion of Oonoor of 
! application of Cast and Wrought Iron to Building 



Wilh flaws and Diagrams, 
in 2 vols, bound in 1 Tol 

second porti™ of tbewnrk, 

mental Researches, maybe bad eeparatslv, price 9s. 

QTRENGTH OF MATERIALS. — HODGKIN- 

O SON, EATON, F.Ita AND THOMAS THEniiOLI", 
C.E. A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IKON AND OTHER METALS; Intended for the assistance o£ 



if machines, buildings, &r' 



Ti> iiul,!ish«l in IS^.1, in frown i=v<i, I.mri.l f..r nsi>. 

CTRENGTH OF MATERIALS.— POLE, WIL- 

« LIAM, C B; F.li.S. — Tables and popular explanations of 
the Strength or Materials, of Wrought and Cant Iron with, otber 
melals, for structural purposes; developing in a systematic form, 
the strengths, hearings, weights, and forma of those materials, whe- 
ther used as slidci . nr arcing, for llio construction of bridges and 
viaducts, public buildings, domestic mansions, private buildings. 

■-' or pillars, hressirnimiiri fur warnhnuws, shops, working 

nfaeturinir factories, Sc. &o. &c. The whole .eudered of 

f. r architects, builders, civil and mechanical eiml- 

hu, lroiifoiind^rK,&c.&c. &c, and forming Ready 



John WesJo, 69, High Hollwni, London, W.C. 



Ti-iMH.i : : CJlVlICIl.— The Architectural History 

mill Ar,i,!:... ■(:,,■:,! D, n-, >■.,-„ !■'.:, ,!,i;li;,lii:i,...it-, ami ]Vin:.il 
f. ^l -S, of l!-.' T.TU!.!,; n.u-d ., !,„ndl.]!. 

Fart I, with 2G Engravings on Wood and Copper, in cloth boards, 

THAMES TUNNEL.— AMemoir of the several 

>• Operation* mid dm (.Miisir icii-ti TUnuies Tunnel, from 

Pspe 
Engl 

Fourth Edition, itilli n SuHplamonlnrr Addition, large Sv, 12.'. 63. 

THOMAS (LTNALL), F.RSX^-Hified Ordnance. 

J- —A Practical Treatise on ilie Application of the Principle, 

of the Rifle to Gun ' " -■' : - 

nddtd a New Thei 
Gunpowder pin tea. 

plet», oloi 

ditto, £1 Bi.; ' 

TRANSACTIONS OF THE INSTITUTION 

J- OF CIVIL ENGINEERS. 

B vols., numerous Engravings of Sections of Coal Mines, &c, large 
folding Plnti b, several of which are cokmrcd, in large Svo, hnlf- 
bound in calf, price £1 Is. por volume. 

TRANSACTIONS OF THE NORTH OF 
ENGLAND INSTITUTE OF MINING ENGINEERS. — 
Commencing in IKS, and continued to I860. 

A New Edition revised t.y tiip. translator, and with additional Plates, 
in i\-::iy V:i::-\ i'.il.a pr.-v f I'l.il-;;, mid Vit'ni'itf's. nu'A inn! in 
Tnor.-rr-n. '■■,[[ t^i'.?. [like 1 2k. Only '25 printed on India paper. 

"yiTliUVIUS. — The Architecture of Marcus 

» Vitmvins Pollio in 10 Hunks. Tra.nsh.itd from the Lutin. hy 
JOSEl'H GWII.T, F.S.A., F.K.A.S. 



ivit.h 1'llltos, 



WALKER'S, THOMAS, Architect. — Account 
;( (]],: Church at Stoke Goldiug. 

WEALE'S QUARTERLY PAPERS ON EN- 
GINEERING. —Vol. VI. (Parts 11 and 12 completing 



HiViir M iy Mid . [ tl 



WHITE'S, THOMAS, KT.A., Theory and Prac- 

** licoof Ship Building. 

a largo Sectional Piste, 1: 
ID, JOHN, . 
OBSERVATIONS OX KENTISH It A!.; STONE AS .V 
BUILDING MATERIAL. 

,T..!in Wia>, ":!', I!'i;!i 1M!.-.:ii. I.-mhiil, W.f. 
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WH I CHCOE ff" J o'h n7 Architect.— HIS- 
th[;v ami AVi'e.irrnrs or the collegiate 

CHURCH OF ALL SAINTS, MAIDSTONE. 

In 4lo, Oj. 

1\7ICKSTEED, TITOMAS, C.E. — A.N EXPE- 

*' RIMENTAL I MH' li; V t.ONUEHX1NO THE RELA- 

tive i'owek hi; ami i-sr,rri, eeeect ixiiI.h.ced 

BY, TUB CORNISH AN1> lii ' I'l.InN ,fc WATT i'DMI'IKG 



giCKSTEED, THOMAS, C.E. — FURTHER 

* ELUCIDATION OF THE USEFUL EFFECTS OF 
CORNISH PUMPINC ENGINES; si Lowing the average work- 



£2 2a. 

WICKSTEED, THOMAS, C.E. — THE 
elaborately i:noi;a\ i;d illustrations of 

THE ("ORNISH AND ]!iH: !.'!''.' N o/ WATT EMM XKii .;r.rt ( -.l 
nt tlie East London Winer Works, Old Ford. EI K ht largo atlas 
folio very fine line engravings by GLADWIN, from elaborate 
drawings mmle expressly by Mr. WICKSTEED ; folio, together 
villi u dtn cx]iliiiiiitL..ii riio nlnti'S cnnriLiL;;; nn engraving, by 
LOWHY, of Harvey and West's patent pump-valve, with speci- 



Wilh nnnirvmn W Mikut 

TS7ILLIAMS, C. WYE, Esq., M. Inst. C. E.— 

•» THE COMBl'STION OF COAL AND THE PREVEN- 
TION OF SM OKE, dn-IilicaRy ,-md practically considered. 

w 



.with a Portrait. 2a. I 

ELLIAMS, C. WYE, Esq, M. Inst. C. 



J.JJ1JJ..-11UO, V,. II IB, -CBli, OL. JUBti. II. 

PRIZE ESSAY ON THE J*KK\ EN TH -N OF THE 
SMOKE NUISANCE, with a fina portrait of the Author. 

With S Plates, containing 51 figures, ■Itrt ,0s. 

ILLIS, KEY. PROFESSOR, M.A.— A 

system of Apparatus fur the use of Lecturers and Experl- 
;rs in Mechanical Philosophy. 

In ]>■■, h.n:n.[, with _ii Ul;;i- i i i';s iiilQ 17 «-.«ufn-. It.';. 

ILME'S MANUALS. — A MANUAL OF 

WltlTING AMI FEINTING- CHARACTERS, both 



w 



w 



i'l Ph.nH, in Jin. i-:ni..f cnhv.iiTil, LrLlf-liii^ii,! ivnr.nvi, £■_•. 

ILME'S MANUALS. -- A HANDBOOK 
for jiai'I'Im;, eni.;i.seertng, and architec- 



W 



Three Vols., large 8vo,£3. 

1VOOLWICII. — COURSE 01'' MATIIEMA- 

*» TICS. Tliis c-iivw Is ussr-mial to all Students destined 
fir the Royal Military Academy at Woolwich. 

YULE, MAJOR-GENERAL.— ON BEEAK- 
WATERS AM' IIVOVS r.f VERTICAL FLOATS. 
John Weale, 59, High Holborn, London, W.C. 



Jj'OREIGN WORKS, KEPT IN STOCK 

Large folio, 3'i Hntes. ■■ me colouroJ, an J VI ivmnli-.jts, j(j fnm 
£2 IDs. 

3 " 

FINItlED Bt STCUL! : :'ll. Are 



A RCIIITECTURE SUISSE.— On Choix de Mai- 

mns Il-ivKn.i Al r » (In Oust ■!! do 1 1 ■ i Li.-, C.HA1"- 



I> 4 
B Y 



pANETO, F.— Sainte-Mari6 d'Aueh. Atlas Mono- 

phi i] mi ik- l.'ettc C.U hi 1 drill,'. TIll- Mini, is consist prinrinilll)- 
of otltlino dviLviii-L of tin; P. tint,:,: (Diss Wind'-.'.; in this k'llUlc- 

drai. 

13i) pink's h ■ 1 1 - : : : l 1 1 r in ■ i 'V. ■(■.'!> i - v t v n . ill ive.i. .£."> 15-. (1,1. 

p ASTER MAN, A.— r.MfAMCLLI- ties MAI- 

^ SON* Jo I:i;LX Ki.l.lIS ct its 1'BIM ll'Al.i:.i VILLliS dp 
la DEL(IIf)IIE, cons-truiicn iltpuia IKili i'i-i|ti'ii iins jotira, repni- 
senl£« bii plans, i^vations, coupes et details interlenrs et exterieurs. 

Snmii f ( ,i: vL:,:, s of .■.h,: £i is. 
EN, L. — LES CONSTRUCTIONS EN 

composes ct public's*. S liiraisonH.— 1858. 
Small f.jTio, 4S piBttin of I sos, jmrts h misou, debits of nil kinds 

Of hin-NllLllv l,.-i,Ll(i'n- 

objocti given, £1 I 



In 3 very large folio psrts, 35 fine pistes. £1 lls.6ii. 

GAERTNER, F. V.— The splendid works of M. 
GAEBTNER of Munich, drawn to a verj- large, size, con- 
sisting of tli« lif)L iii v in pl.ioa, election*, ink-i-iori, details, and 
ti .ns, no, | .in-.. (| oiiiitiiieiits. '["Iio ciiiirfi], ivitli Jet.iil.;, or-Lii- 



J ' Bl 



Small folio, 80 line pistes of the A rfliitwtniv, -.nnioent, and detail 
of the houKoH inn! tUinoii. s ni' UrtL-mnny during the middle age, 
yflry neatly half-bound in morocco, £2 12s. Gtl. 

J£ A LLEN BACH, C. (.:.— Uirnndn-ie der Dentaeh- 

The works of the great. mn=itr KI.ENZIE i f Mmiicli, InB parts 
very 1ili;;,i folio. ;,n ■>[-x',:^ of tle'.'i'.tioii.-i, phins. sections. dctnilH 
ii ml oroniiioiiiii of liis public and private ImiliiingH executed in 
Munich iin.l St. Petersburg, £2 2,. 

TTLENZE, LEO TON. — Sammlung Arthitcc- 

IV inni-i,,.,. Km-L ii,,,., f ii: . Ai^fuhrni)- bo .tliinii aJer i.-irk- 
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LOREIGN WORKS KEPT IN STOCK AS 



pETIT, VICTOR.— Cli ATKATX I)E FRANCE. 

*■ Arcliit-Ttuie Pitriiresqiia, ou Matiuiaents del quInzliiOE ei 
LivnuMns I ii IS, very Sn=1y executed plates, large Imperial folio, 

CHATEAUX Dli LA VALLEE DE LA 

^ LOIRE DES XV, XVI, KT UU M M KNU i: M ENT DU XVII 

SI EC L E. — P« ris, 1 8ST— 60. 

4M. !H| r.l.itPB, Tit. ; £2 IfM. 

TJECUEIL DE SCULPTURES OOTHIQUE.— 

-'»■■ nesiin.'en K S r:iv ( 'f''s M--MI f.irt.' ,rH t >r;^ 1. « l. 'sm Inflmc- 

A !>AMs. ! .jiiCtou i i! I j ;■ liuios I [Ml'il 

P i» i», l&iG. 

4 parts H>e published, lirlce H». 
PAMEK.-HISTOIKE GENERALE DE L'AK- 
" niiTi-:;/rritK. i.'n u^.-™ i_- nimv <i« rAic!iit™tun-, 

DANIEL K A MICE, foiiun 2 v,.!. granJu in Svo, putilies on 8 !za- 



1'is liiip- :v,i,.,lniK li;i If morocco. 

- IIICTKIXNAUIE HAI- 

; i'rniic.iL-i; ih: q'fini.Dru si-iziiiiic 



JJADLA D'ALTACOMBA 

79 llvratsnn, in I.irffo 4(o, 200 t 

J^ELLE ART J. — II I'M.ik; 
QANOVA.— Le Tomba ed 



J- EMIUTAHI HI MK'IIHLE PAN M1CUELK diBBBBWe 

erl incLsi; .1* ItOSKANI l-'l: A N<_' ICSCO e L. 

QIROLAHO. 

John Weals, 69, High Holborn, London, W.C. 



l.»i-H« iuiin, f.'UsmiiinL- ,t JiioiUiiLiiii of I'l.ili'.H .1: (]]•■ [,;.l;i: i-s.lli ml 11 3, 
!,o:»l ill' villi-., i.:lu-r i,uli]:c !,tiifiliiis;!* in si-vu-nl I'M-ti r,f 

Italy. Eleiiuirlj- I; ilWwanil iii ivd morocco, extra gilt anil Inter- 
leavert, £6 Us. 

TTABBEICHE.— E DTSEGNI D'ANTONIO 
J- iiiEiio, Nomi.r vf.nkto. v^iu./.in. 

:'ti nvraiwms j.rii'n isis. 

rjALLERIA DI TOBINO (LA RE ALE). — . 

U Illustratada Jf. D'AZEliLIO, Memo, dell' Aecad , _c. Jic. 

Coiii,.,. InJi.m piui'f.. £18 ISs. 
',• Hound C'-pit-s hi Hi. ;.-:iiil li:il:'-,i|.>r'M,-.i bi inline. 1 11, Sin pr-nf. £?3 is. 
^ vols, folio, complete. 177 rlatL-i "1 outline I'l.ii-arnn:.-;. plum, in 
tsriOrit, deUilu, .fcr.. lirsr i:u pre, ti, liO r"i';irif;S !l*lf-o.;uin] £ii (R 

n AUTHIEE, M.P., Architccte. — Lea PLUS 
'1 ukm'x viCKs ii vn.i.i: .1,. kkses et des sos 

EMVIROMS. i'aris. 1680-8, 

■ ■\l'.,i, l.ij l':.:,fs 01 iiIliii.. i- ! .? ! i 1 .r-. -in.Ti .ms. Jin- 1 11. iu 

-EANIUKAX di; MONTI ON V el A. FAMIN". 

— ARCIIi'i'Ki'n i;!', TOSCANE, on palnis, nulsoiw, et 
(res tdinci'S. lie in 'I'.-.s^nm:. I'sru^lt' 1 -- 



£IEE,0 



.), cmit.11 ni 11- :i pi Mii.i -.i.;ii ol |v.ciui i-;;i|-.ic vi-'n- 
ubllO buildings mid scene.-; nf Vmiicp, (-xccnted 
r»phy, with full descriptions attached 10 each. E 

imilMcrii, illirl'l.'lVllll. £1 1!b. 11,1. 



Larue folio, 01 llvm 



T ETAEOUILLY, P.— Edifices de Rome Mo- 

Aj derns. Parte, 18*5-65. 



['intus i,S til,- N.'iv 



MICHELA, IGNAZIO.—DESCEIZIONE 
DISEGNI del PALAZZO doi MAGISTRATI SUPfUCMI 



di TOIMMJ. T,,rii:i,. 



Largo folio, fil Plate::. Ii nnnl in lialf-morocco, gilt and luter- 

l,-::Vf<l. piir.j £1: 10. 

■DEYKAUD, t.~Tnitt!ito di Areliilettura, con- 

" lenenle noinini general! sul Principi: U-lht i.v,n ;; : uzLi-ni; ti 
Bulls stoda doll' Arti, con annot. per euro di Lorenzo I'limni 
Venezia, 1B67. 



I inipei'ial luilky >•:■■■■ y,,l ii-ii, -., iirii,"i::i ami |.\iHi-ln;.l iin'cr : 
rity, and treats of liiu i>:n-!-.- r'.!ini'n;if.n V™;?- ami 

U-iiin.'iu m n kiiii.'il.-iii, if. ■.-.Till! I o.-. milium,., a;;,i in 

,- r ..Ki )ir,i;ri,-nl | . -.iii .u. u iiii l-l:ii. !i, .£:! 

A7ENEZIA.— E le auo Lagune. Venczln, 



V'ENEZJA. — Copies elfi.'ttilly hound ami "-lit, 
______ _ £ * lis - M - _v™ pjttft - ls,r - 

In 2 largo folio volumes, numerously an I elaborately drawn Piste- 
vi. iy will) e*eeii'eil iii riuliii,'. alt >i;i'tliiir a very fine work. Yory 
elegantly lialf.Imond in morocco, estra gilt ami Inlarleavod 
£12 12s. 

\ CCA DEM I A DI BELLI ARTI. — Opere dci 

-tA Grand! Conc;"i>l I'lvniin 'i- ..s:il] - I . T!. A CM, i, 'in in dolli, I!„ll,.- Ail- 
in llilano. e. tmWiralp. i;ei cur* ildl' Aivliit^rt.. (i u.r rsp.-i'Ti ' 



Digiiized Dy Google 



J'OEEIGN WORKS, KEPT IN STOCK AS 

folio, £3 'lasl^d E'agariUy half-bound ia extra morocco and 
ir.tovli Mvnl. r,*. Mi. M. 

A LBERTOLLI, G.— Alcuno Decorazioni di Nobili 

Sale ed Altrl Ornament!. Milano, 1787, 1821, 1333. 

j^LBERTOLW°' >< a— Fart Ill'^very frequently 



HOFFMAN, ET KELLEEHOVEN. — Eecueil 
de Desilna rclstifn k I'Att de la Decoration ches lous lea 
peuples at aux |>his i-ullvs .ie'iiiiuM ■if luur civilisation, ace, des- 
tine:! 1 scrvir ti.i e! de i:i,.;.]m..u:: bus (■.lin'.re.i, tv.-ijvatijiirs, 
peintres sue verre, el aux dnaainatMura d.: fabriqueg. 

TJOPE, ALEXANDER^BERESFOBD, Esq.— 

Abbildnngen iter Glaaietoalde in der Salvator-Kirche zn 
KilnJown in der Gruff* h„h Knir. t.'.>i.[.'- i^imin^ mi i-m.- in 
Christ CliiinJi, Kiludnwn, in tha county nt Kent, pxccnte'i in the 
Knyal Establishment lor l'«in:ii^- on Ulna;, .Munich, by order of 

ALuxANDiiii J. nKiir.sroiii) imrt-:, i;^.. y.nbiisiicd b t - p. 

Eggert, Painter c.tj CIshs, 1! il m-li- ii. Ti:r t.-m-k rmlaina one sheet 
with the dedication m A. J. IS. Mori-:, I-;*].. anil fourteen windows; 
in the whole fifteen, beautifully engraved and carefully coloured. 



"[TJLIENNE, E. — Indiistria Artistica o Raccolto 

ili (.'oi-iiin-iii.-Tii 1' li,ciir.Liieiii i ir!i,ir:Li!iit:i'ii, conic Buppellet. 

till. t«]0(-.\H"rL.-. nr ■ uif, crisMl]:, y-.-.Wi : ti. <-...y:--ii:i . ii^ipiMK Inou/i, 

cc. VoneEla, 1851-1858. 

Prix 60f„ In folio, £3. 

T E P AUTRE. — Collection des plus belles Com- 

-L' position*, gravies par CLOL'X, Arclita. L'Ourrage eon. 
iient cent planches. Paria. 



M E 



Twelve ?«<<Wb ™»U °bl™K 4to,J3 

APv^AMENTENBu'cH.— Farbige ~V"erzierungen 

" fllr Fabrlkanten, Zinimerrualer uod andoro BBUgowerke. 



J"OEEIGN WORKS, KEPT IN STOCK AS 

■110 Plan's. i:i I"-" think liii-i'ii if. V.:ls„ ii(ii;u B il !iilJ 01l-l.iv. d hv 
MM. Relst-r Arjjet, d'ilautel, da Waillv, Wagner, L. t'eiicliero 
tt Ili'uniisr, *c. £5 5s. 

ORNEMENTS.— Tirea on unites ties Qnatre 
flcoles. Psris. 



Sis Part!), larg.s fill". Plates Ijeantifiilly coloured, in facsimiles 
Of thO Interims, < h-ii.!]-Li'n(s. '.""in [MrtiLioors, OllinKB, &C. 
£2 12s. 6(1. Also. cK-iuillv half u ...ii.l in mor.cco fiilt, £4 la. 

EOTTAIANN, L.~ Ornamento aus den vorziig- 
Hcllsh-ci 11l:/.vl. k-i: U i i : l . 1 l ■ • . : H . Jliii fheil. 



liClliiteii Bin ires ken Mlltldi 
Very elerant. in half red nuiinT., c 

ZANETTf, G.— STUDII 
OKSAMENTALI, dedicati all 
llello Artl, seconds edizione con sj 



CITETTONICO 

adcmia Venels dclle 
1 Prof. L. URBAN!, 
it elaborately du- 

_£imnoy Pieces, Iron Work lor Interior* and EiteriorB, Ql ... 

Wooden Gates, firirih-ii Detorati.nis, .to., including the A p. 
pandtcea. Venezla. 



A Catalogue, of 40 pages, to be had 
gratis; printed in demy 8vo. 



Export Orders executed either for Prin- 
cipals abroad, or Merchants at home. 




In Atlas of Tlalcs an J Text, lima, price ?Ss. together, 

IRON SHIP BUILDING. 

PRACTICAL ILLUSTRATIONS. 
JOHN GRANTHAM, N.A. 



DESCRIPTION OF PLATES. 



1. Hollow and Bar Keels, Sttmand 


13 


Ltrge Vcue', (bowing delails. — 


Stem Posts. 




After End in section, with End 


2. 3liie Frames, Flooring?, and Bilge 




View, Stern Frame for Screw, 






and Rudder. 




11. Large Vessel, showing details.— 


Deck Beams, Gunwales, and 




Midship Section, H»!f breadth. 


Stringers. 


IB. 




4. Gunn-aleB continued — Lower 




3I "lc ig"ri ateaVnd Angled ron^lnd 


Decks, and Orlop Beams. 




for Mending Plates ; Jtiret ■ 






Hearth. 


Iron "s'rolled™^ Ir-ii -1 41- 


in. 


Machines.— Garforth's Riveting 


B nil ding. 




Machine, Drilling and Counter 






Sinking Machine. 


C ^'b^' Flush" and " C »ppe'a Joints 1 




A>F«™oesforIIoatingPlatesana 


with Single and Diuble Hi. 




Angle-Iron ; various Tools used 


vatlng. 




In Riveting and Plating. 


7. Plating, three plans, Bulkheads, 


is 


Cimvralt, Keel, and Flooring; 


and modes of securing them. 




Plan for Sheathing Pot, Ships 


S. Iron Masts, with Longitudinal and 






Transverse Sections. 


19 


Illustrations of the Magnetic Con- 


S. Sliding KeeT, Water Ballast, 




dition of various Iron Ships. 


Moulding the Frames In Ir.m 


so 


Cray's Floating Compass and Bin- 


Shlp-bulldlng, Levelling Plates. 




nacle, with Adjusting Magnets. 


10. Longitudinal Section, Brd Half- 


91 


Corroded Iron Bolt in Frame of 


breadth Deck Plans of largo 




Wooden Ship ; Caulking Joints 


Vessels, 011 a reduced scale. 




of Plates. 


11. Midship Sections of Three Vessels 


92 


Great Eastern— Longitudinal Sec- 






tions and Half-breadth Plans. 


19. Lar S '. Print, showing dotalls.- 


93. 


Great Eastern— Midship Section, 


Fere End In Section, and End 




with details. 


View, with Stem Posl,Cmtches, 


21. 


OnrnfFoatirn-Sectlon in F.oglno 


Deck Beams, Ac. 




Room, and Paddle Boies. 



This Work may be had of Messrs. LoOEWtOD & Co., No. 7, Stationers' 
Hall Court, and also of Mr. Weale ; either the Atlas separately 
for 1 1. 2s. 6d., or together with the Text price as above stated. 



Bradbury and E tans, Printers, Vhltcfplars. 



